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CHAPTER  I 


SURVEY  OF  RELATED  LITERATURE 
Introduction 

In  his  search  for  truth  the  scientist  has  evolved 
a mode  of  attack  known  as  the  scientific  method.  It 
almost  always  involves  the  same  steps  whether  he  is 
interested  in  mountains  or  microbes,  synthetic  rubber 
or  the  force  of  gravity. 

The  true  scientific  method,  as  we  recognize  it, 
was  not  fully  developed  until  the  beginning  of  the 
seventeenth  century  when  Galileo  applied  the  experimen- 
tal method.  It  has  been  steadily  gaining  adherents 
among  leaders  in  all  the  fields  of  education,  although 
this  method  must  have  first  consideration  in  the  teach- 
ing of  science. 

There  have  been  few  points  in  educational  discus- 
sions on  which  there  has  been  greater  agreement  than 
that  of  the  desirability  of  teaching  the  scientific 
method.  The  first  step  in  the  scientific  method  is: 
locating  and  defining  the  problem.^  Its  application 

•^Science  Education  in  American  Schools « Forty- Sixth 
Yearbook  of  the  National  Society  for  the  Study  of  Educa- 
tion, Part  I.  Chicago;  University  of  Chicago  Press, 
1947.  p.  167. 
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is  a matter  of  securing  the  correct  explanation,  or, 
if  that  is  not  definitely  known,  of  finding  the  best 
explanation.  The  elements  of  the  scientific  method 
should  lead  to  action  in  life  and  to  scientific  appre- 
ciations and  attitudes,  and  should  contribute  to  intel- 
ligent planning. 

The  scientific  method  is  no w becoming  recognized 
as  a definite,  tried,  and  tested  procedure  in  problem- 
solving. As  soon  as  effective  means  of  teaching  the 
elements  of  scientific  method  and  the  scientific  atti- 
tudes are  found,  the  chances  of  success  of  high  school 
students  in  meeting  and  solving  everyday  problems  will 
be  greatly  enhanced. 

For  the  past  fifteen  years  there  ha.ve  been  vast 
surveys  and  much  research  done  in  an  attempt  to  bring 
about  an  accepted  standard  for  all  forms  of  instruction 
This  is  particularly  true  in  the  field  of  science  edu- 
cation. At  this  point,  a number  of  important  surveys 
will  be  listed  to  show  clearly  that  there  is  a need  for 
the  adoption  of  principles  of  science  as  objectives  of 
science  instruction. 

The  status  of  science  teaching  is  difficult  to 
determine.  A pertinent  study,  "Instruction  in  Science, 
was  made  in  1932  by  Wilbur  L.  Beauchamp,2  who  analyzed 

2Wilbur  L.  Beauchamp,  Instruction  in  Science , U.  S. 
Office  of  Education,  Bulletin,  1932,  No.  17,  National 
Survey  of  Secondary  Education,  Monograph  No.  22.  Wash- 
ington: Government  Printing  Office,  1933, 
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58  courses  In  general  science,  45  courses  In  biology, 

27  courses  in  physics,  and  30  courses  in  chemistry,  all 
of  which  had  been  revised  since  1925.  The  purpose  of 
this  Investigation  was  to  evaluate  the  objectives  of 
science  teaching.  The  analysis  showed  that  there  is 
at  the  present  time  no  conclusive  method  for  determin- 
ing and  evaluating  the  objectives  of  science  teaching, 
but  did,  however,  disclose  the  trends  which  should  be 
given  careful  consideration  by  those  who  are  trying  to 
improve  instruction  in  secondary  school  science. 

In  the  field  of  science,  two  significant  reports 
of  national  societies  set  forth  aims  of  education.  In 
view  of  these  aims,  the  committees  responsible  for  the 
two  reports  made  specific  recommendations  concerning  an 
organization  for  courses  in  science  that  would  contri- 
bute to  aims  of  general  education.  According  to  the 
Thirty-First  Yearbook  Committee,  which  was  the  first 
educational  group  to  advocate  the  teaching  of  princi- 
ples as  objectives  of  science  teaching,  classroom  ex- 
periences must  be  provided  in  the  classroom  to  satisfy 
one  of  the  general  aims  of  education,  namely,  ’’Life 
Enrichment  through  Participation  in  a Democratic  Social 
Order.  The  education  of  an  Individual  is  the  effect  on 

2 

A Program  for  Teaching  Science,  Thirty-First  Year- 
book of  the  National  Society  for  the  Study  of  Education, 
Part  I,  Bloomington,  Illinois:  Public  School  Publishing 
Company,  1932.  p.  42. 
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his  whole  behavior  that  has  come  from  the  experiences 
in  which  he  has  participated.  A planned  program  of  edu- 
cation (the  ambition  of  educational  workers)  is  one  that 
provides  experiences  that  will  contribute  as  fully  as 
may  be  to  the  attainment  of  life  enrichment. "4 

In  1938  the  Thayer  Commission  of  the  Progressive 
Education  Association,  which,  along  with  the  Thirty- 
First  Yearbook  Committee,  has  had  a marked  Influence 
on  the  reorganization  of  science  teaching  in  American 
schools,  states,  "The  purpose  of  general  education  is 
to  meet  the  needs  of  individuals  in  the  basic  aspects 
of  living  in  such  a way  as  to  promote  the  fullest  pos- 
sible realization  of  personal  potentialities  and  the 
most  effective  participation  in  a democratic  society. 

The  Thirty-First  Yearbook,  together  with  the  re- 
port of  the  Thayer  Commission,  which  also  recommended 
the  reorganization  of  courses  in  science  around  gener- 
alizations, gave  added  impetus  to  an  interest  in  prin- 
ciples of  science  as  an  objective  of  science  teaching 
in  all  grades. 

The  Thirty-First  Yearbook  committee  proposes, 

"that  the  curriculum  in  science  for  a program  of  gen- 
eral education  be  organized  about  large  objectives, 


4Ibid. 

c 

Progressive  Education  Association,  Commission  on 
Secondary  School  Curriculum,  Science  in  General  Educa- 
tion, p.  23.  New  York:  D.  Appleton-Centu^y  Company, 
1938. 
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that  understanding  and  enlargement  of  these  objectives 
shall  constitute  the  contribution  of  science  teaching 
to  the  ultimate  aim  of  education,  and  that  the  course 
of  study  be  so  organized  that  each  succeeding  grade 
level  shall  present  an  increasingly  enlarged  and  in- 
creasingly  mature  development  of  the  objectives* 11 

The  Committee  in  clarifying  its  point  of  view  re- 
garding the  form  the  large  objectives  shall  take  says, 
"The  objectives  may  be  stated  as  the  principles  and 
generalizations  that  are  functional  for  the  individual, 
in  that  they  enable  him  to  Interpret  the  experiences 
of  living."* 7  In  concluding  its  recommendation  concern- 
ing the  organization  of  instruction  in  science  the  Com- 
mittee recognizes,  "the  aims  of  science  teaching  to  be 
contributory  to  the  aim  of  education;  viz.,  life  enrich- 
ment. It  recognizes  the  objectives  of  science  teaching 
to  be  the  functional  understanding  of  the  major  gener- 
alization of  science  and  the  development  of  associated 
scientific  attitudes."8 9 

By  generalization  or  principles  the  committee 
means,  "the  abstractions  formed  from  the  connections  of 
related  situations  and  responses. 1,9  The  committee  says 

A Program  for  Teaching  Science , op.  clt . , p.  44. 

7 Ibid. , p.  43. 

8Ibld. . p.  57. 

9Ibia. . p.  42. 
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further  that  HA  functional  understanding  of  a principle 
has  "been  attained  if  the  learner  has  acquired  ability 
to  associate  with  the  principle  the  ideas  from  his  im- 
mediate and  from  his  subsequent  experiences  that  are 
related  to  it  and  if  he  is  able  to  apply  the  principles 
in  practical  situations.”^ 

Downing"^  maintains  that  an  understanding  of  the 
important  principles  of  health,  scientifically  culti- 
vated in  their  lives,  must  be  developed  to  lead  pupils 
into  healthful  ways  of  living.  Again,  pupils  must  first 
understand  the  principles  of  heredity,  of  home  sanita- 
tion, and  be  able  to  apply  them  to  specific  situations 
if  they  are  to  become  worthy  members  of  the  home. 

SURVEY  OF  IMPORTANT  RESEARCH  STUDIES  PERTAINING  TO  THE 
DETERMINATION  OF  PRINCIPLES  AS  OBJECTIVES 
OF  SCIENCE  TEACHING 

12 

According  to  Martin,  there  are  three  independent 
centers  of  research  at  which  the  work  toward  the  clari- 
fication of  the  concept  of  a scientific  principle  and 
toward  the  refinement  of  principles  has  chiefly  been 
carried  out,  namely: 

10 Ibid. . p.  43. 

^Elliot  Rowland  Downing,  An  Introduction  to  the 
Teaching  of  Science,  p.  6.  Chicago:  University  of  Chi- 
cago Press,  1934. 

12 

W.  Edgar  Martin,  HA  Chronological  Survey  of  Re- 
search Studies  on  Principles  as  Objectives  of  Instruc- 
tion in  Science,  Science  Education.  XXIX  (February, 
1945),  p.  45. 
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(1)  The  University  of  Chicago,  where  the  research 
was  under  the  direction  of  Elliot  R.  Downing. 

(2)  Columbia  University,  where  the  research  was 
under  the  direction  of  S.  Ralph  Powers  and 
Gerald  S.  Craig  and, 

(5)  The  University  of  Michigan,  where  the  re- 
search was  under  the  direction  of  Francis 
D.  Curtis. 

The  Fifth  Yearbook  of  the  Department  of  Superin- 

13 

tendence  of  the  National  Education  Association  states 
that  in  order  for  our  knowledge  of  science  to  be  of  the 
largest  service,  it  must  be  in  the  form  of  principles* 

The  design  of  a course  in  science  should  enable  the 
pupils  to  have  experiences  with  the  attainment  of  know- 
ledge of  those  principles  that  are  socially  useful,  and 
should  provide  much  drill  in  applying  them  to  life  situ- 
ations • 

In  the  past  two  decades  this  problem  has  gained  wide 

recognition,  and  as  a result  there  has  been  Increased 

interest  focused  on  the  importance  of  principles  as  ob- 

14 

Jectlves  in  science  instruction.  One  of  Downing's 
early  studies,  in  1925,  formulated  the  following  three 
steps  for  the  solving  of  a scientific  problem,  invol- 
ving the  use  of  generalization,  or  principle:  (1)  accu- 
mulation of  facts;  (2)  discovery  of  the  relation  and 


The  Junior  High  School  Curriculum.  Fifth  Yearbook, 
Department  of  Superintendence,  National  Education  Asso- 
ciation, p.  150.  Washington:  Government  Printing  Office, 
1927. 

14 

Elliot  R.  Downing,  Teaching  Science  in  the  Schools, 
p.  53.  Chicago:  University  of  Chicago  Press,  1925. 
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sequence  of  such  facts  reduced  to  generalizations;  and 

(3)  discovery  of  the  approximate  causes  that  underlie 

such  laws  or  principles* 

15 

Craig,  in  planning  a course  of  study  in  science 
for  the  elementary  grades,  states  that  the  elementary 
school  should  not  he  concerned  so  much  with  training 
hoys  and  girls  to  become  scientists,  hut  with  helping 
them  to  become  intelligent  laymen.  To  accomplish  this 
purpose,  a course  of  study  should  he  instigated  that 
will  develop  certain  objectives  that  agree  with  the 
facts,  principles,  generalizations,  and  hypotheses  of 
science  that  are  essential  in  the  understanding  of  na- 
tural phenomena  which  challenge  and  intrigue  children* 
Unfortunately  the  textbooks  in  most  of  the  high- 
schools  do  not  devote  a very  large  amount  of  their 
space  to  an  elucidation  of  principles  or  to  the  appli- 
cation of  principles  to  problematic  situations* 

In  1928  the  position  of  principles  in  general  sci- 
ence textbooks  was  one  of  minor  importance  according  to 

16 

the  findings  of  the  study  made  by  Heinemann  who  in  the 

15 

Gerald  S.  Craig,  Certain  Techniques  Used  in  Devel- 
oping: a Course  of  Study  in  Science  for  the  Horace  Mann 
Elementary  School.  Teachers  College  Contribution  to 
Education,  No.  276,  pp.  12-13.  New  York:  Teachers  Col- 
lege, Columbia  University,  1927. 

16 

Allsle  M.  Heinemann,  "A  Study  of  General  Science 
Textbooks,”  General  Science  Quarterly.  XIII  (November, 
1928),  11-23. 
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analysis  of  twenty  such  books  found  only  ninety-three 
principles.  They  were  given  little  spatial  importance, 
only  a little  more  than  twelve  percent  of  all  reading 
space.  Heinemann  recommended  placing  the  teaching  em- 
phasis on  a small  number  of  principles  with  multiple 
applications  rather  than  on  a large  number  of  principles 
with  few  applications.  As  a criterion  for  a principle 
Heinemann  defines  a principle  of  science  as  a "state- 
ment of  relationship  frequently  causal  in  nature  be- 
tween  two  facts."  Significant  conclusions  of  the  in- 
vestigator were  that  principles  were  not  uppermost  in 
the  minds  of  the  authors  when  the  books  were  written 
and  that  there  was  little  unanimity  among  authors  as 
to  which  scientific  principles  are  of  greatest  impor- 
tance at  the  general-science  levels  in  the  schools. 

Hackett^  made  a similar  analysis  of  twelve  text- 
books in  biology.  He  found  the  amount  of  space  devoted 
to  the  discussion  of  biological  principles  and  their 
applications  to  problematic  situations  ranged  from  48 
to  23  per  cent  of  the  total  word  space  of  the  books. 

The  larga*part  of  the  book  was  in  each  case  descriptive 
and  factual.  In  both  of  these  analyses  the  word-space 
devoted  to  such  facts  or  descriptions  that  served  to 

17 Ibid. . p.  11. 

^■®H.  L.  Hackett,  "An  Analysis  of  High  School  Text- 
books in  Biology  in  Terms  of  Principles,"  Master's 
Thesis,  University  of  Chicago,  School  of  Education,  1925. 
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lead  up  to  the  understanding  of  a principle  or  to  illus- 
trate the  principle  was  counted  a part  of  the  material 
belonging  to  a discussion  of  principles, 

A study  by  Peter  Koppenaal^  in  which  an  analysis 
was  made  of  a dozen  of  the  more  recent  textbooks  in 
physics  for  high  school  use  shows  that  the  average 
amount  of  space  devoted  to  a discussion  of  principles 
and  of  problematic  situations  demanding  their  applica- 
tion is  about  28  per  cent  of  the  total  word  space  of 
the  book.  The  extremes  are  17*6  and  42,3  per  cent. 

Some  sixty  principles  are  presented  by  these  textbooks. 
The  largest  number  discussed  in  any  one  text  is  forty- 
three. 

A similar  analysis  of  current  chemistry  texts  for 

20 

secondary  schools  has  been  made  by  Loren  T.  Lucas. 

Ke  states  that  the  average  space  devoted  to  principles 
and  problems  involving  their  application  is  also  slight- 
ly less  than  thirty  per  cent. 

In  contrast  with  these  figures  for  science  texts 

21 

at  the  high-school  level,  Menzies  finds  that  the 


19 

Peter  Koppenaal,  "An  Analysis  of  High  School 
Physics  Textbooks  in  Terms  of  Principles.  Master’s 
thesis,  submitted  to  the  University  of  Chicago,  Depart- 
ment of  Education,  1932. 

20 

Loren  T.  Lucas,  "Analysis  of  Chemistry  Texts  in 
Terms  of  Principles."  Master's  thesis,  University  of 
Chicago,  Department  of  Education,  1932. 

Pi 

t"L J e ssl s A.  Menzies,  "An  Analysis  of  Ten  General  Bio- 
logies of  College  Level  in  Terms  of  G-eneralizatlons  and 
Their  Application  to  Life  Situations."  Master's  Thesis 
University  of  Chicago,  School  of  Education,  1927. 
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smallest  amount  of  space  devoted  to  principles  and  ap- 
plications in  a dozen  college  biologies  which  she  ana- 
lyzed is  87  per  cent  and  the  maximum  97.6  per  cent.  In 
these  books  comparatively  little  attention  is  paid  to 
the  application  of  the  principles  to  problematic  situa- 
tions. 

Fourteen  textbooks  of  general  science  used  in  the 

22 

ninth  grade  were  analyzed  by  Oliver  B.  Wilbur  in  1931. 
The  criteria  of  a principle  were  formulated  in  a Semi- 
nar in  Problems  in  the  Teaching  of  Science,  University 
of  Michigan.  The  definition  of  a principle  and  the 

criteria  for  the  selection  of  principles  that  were  used 

23 

by  Wilbur  are  listed  by  Martin.  These  principles 
were  tabulated  and  submitted  to  subject-matter  special- 
ists in  biology,  chemistry,  geology,  and  physics  for 
validation  in  terms  of  the  criteria  and  for  revision 
of  Inaccurate  and  unsatisfactory  statements.  The  list 
of  170  principles  was  then  given  to  ten  teachers  of 
science  who  were  asked  to  designate  them  as  necessary, 
desirable,  or  undesirable  in  a general  science  course. 

It  was  found  that  from  all  fourteen  textbooks  only 
eighteen  of  the  170  principles  were  given,  even  in  part, 

22 

Oliver  B.  Wilbur,  A Study  of  the  Principles  of 
Science  contained  in  General  Science  Textbooks  Published 
Since  the  Beginning  of  the  Year  1924.  Unpublished  Mas- 
ter's thesis,  University  of  Michigan,  1931. 

23 

W.  Edgar  Martin,  "A  Chronological  Survey  of  Re- 
search Studies  on  Principles  as  Objectives  of  Instruc- 
tion in  Science,"  Science  Education.  XXIX  (February, 
1945),  p.  46. 
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in  principle  form,  In  more  than  half  of  the  textbooks 
analyzed.  Five  of  these  eighteen  principles  were  re- 
garded as  necessary  by  ten  of  the  Instructors  who  eval- 
24 

uated  them. 

A group  of  studies  was  made  at  the  University  of 
Chicago  to  show  that  it  is  desirable  to  learn  by  ob- 
jective studies  what  principles  of  science  are  most 
often  needed  in  solving  the  problems  encountered  in 

life  by  the  average  person  and  the  order  of  their  im- 

25 

portance.  Downing  compiled  a list  of  ninety-six 
necessary  principles  in  chemistry,  physics,  and  biolo- 
gy determined  by  these  studies  in  the  order  of  their 
importance. 

26 

In  1934  Robertson  made  an  investigation,  under 
the  direction  of  Curtis,  to  determine  the  Important 
principles  of  science  suitable  to  serve  as  goals  of 
Instruction  in  the  elementary  grades.  Ten  previously 
completed  studies  were  used  as  sources  for  the  devel- 
opment of  a comprehensive  list  of  major  and  minor 
principles  of  science.  A final  list  of  243  principles 
was  evolved  and  submitted  to  twenty  experts  in  the  field 

^Wilbur,  ojc.  clt . t p.  47. 

25 

"^Downing,  ojd . clt. , pp.  39-48. 

26 

Martin  L.  Robertson,  "The  Selection  of  Science 
Principles  Suitable  as  Goals  of  Instruction  in  the  Ele- 
mentary School. " Science  Education.  XIX  (February, 
1935),  1-4;  XIX  (April,  1935),  65-70. 
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of  science  for  evaluation  as  to  the  suitability  of  each 
principle  for  Inclusion  as  one  of  the  ultimate  goals  of 
instruction  in  elementary  science.  This  list  was  fi- 
nally reduced  to  113  as  a result  of  the  evaluation. 

27 

Pruitt  made  a study  in  1935  in  the  field  of 
chemistry  to  determine  the  concepts  and  generalizations 
which  are  of  most  distinctive  value  to  man  in  interpre- 
ting his  environment.  During  this  study  he  analyzed 
three  college-entrance  examinations;  one  year's  issues 
of  the  Atlantic  Monthly,  The  Forum,  and  Harper 1 s maga- 
zine ; slightly  more  than  50,000  pages  of  material  in 
five  books  of  sociology;  one  year's  issues  of  eight 
newspapers;  12  issues  each  of  Popular  Science  Monthly, 
Scientific  American,  and  Science  News  Letter;  and  also 
sixty-five  textbooks  in  various  fields  in  science. 

By  using  the  same  criteria  for  a principle  as  were 
used  previously  by  Robertson,  a list  of  135  chemical 
concepts  and  generalizations  was  formulated  with  the 
principles  arranged  in  an  approximate  order  of  their 
importance. 


27 

Clarence  Martin  Pruitt,  An  Analysis,  Evaluation, 
and  Synthesis  of  Subject-Matter  Concepts  and  General- 
izations in  Chemistry.  Doctor's  dissertation,  Teachers 
College,  Columbia  University,  1935.  Distributed  through 
Science  Education.  See  Third  Digest  of  Investigations 
in  the  Teaching  of  Science  by  Francis  D.  Curtis.  Phila- 
delphia: P.  Blakiston's  Son  and  Company,  Inc.,  1939, 

pp.  153-163. 
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28 

In  1941  Wise,  made  a study  to  determine  what 
principles  of  physical  science  are  most  important  for 
general  education.  The  procedure  involved  the  follow- 
ing four  problems:  (1)  the  development  of  a tentative 
list  of  principles  of  physical  science;  (2)  the  deter- 
mination of  the  relative  importance  of  principles  as 
measured  by  the  scope  of  their  applicability  in  the 
solution  of  frequently  encountered  problems;  (3)  the 
evaluation  of  the  results  obtained  in  contributing 
studies;  and  (4)  a synthesis  of  evaluations  on  the  ba- 
sis of  the  Judgment  of  experts. 

In  his  investigation  of  the  principles  of  the 
physical  sciences  Wise29  used  the  following  criteria 
for  a principle : 

A.  To  be  a principle  a statement  must  be  a com- 
prehensive generalization  describing  some 
fundamental  process,  constant  mode  of  behav- 
ior, or  property  relating  to  natural  pheno- 
mena. 

B.  It  must  be  true  without  exception  within 
limitations  specifically  stated. 

C.  It  must  be  capable  of  illustration. 

D.  It  must  not  be  a definition. 

These  criteria  were  very  similar  to  those  em- 
ployed by  Robertson,  Arnold,  and  Pruitt.  A complete 


^Harold  E.  Wise,  A Determination  of  the  Relative 
Importance  of  Principles  of  Physical  Science  for  Gen- 
eral Education.  Unpublished  Doctor's  dissertation. 
University  of  Iulichigan.  1941.  See  Science  Education. 
XXV  (December,  1941),  371-9:  XXVI  (January, “1942 ) , 
8-12;  XXVII  (February,  1943),  36-40;  XXVII  (September- 
October,  1943),  67-76. 

29Ibld. . p.  371. 
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list  of  principles  of  chemistry,  physics  (including 
astronomy  and  meteorology),  and  geology  was  compiled 
from  the  lists  of  principles  developed  by  Arnold, 
Hartman  and  Stephens,  Pruitt,  and  Robertson.  Then, 
whenever  three  or  more  judges  questioned  the  assign- 
ment of  an  application  to  a principle,  these  duplica- 
tions were  discarded  from  the  composite  list* 

If  two  or  more  applications  appearing  under  any 
one  principle  were  considered  to  be  duplicates  by  the 
judges,  the  investigator  retained  under  the  principle 
those  applications  which  were  most  clearly  stated. 
These  principles  resulting  from  the  application  of  the 
criteria  were  classified  into  the  following  fields: 
Physics,  165;  chemistry,  68;  and  geology,  19. 

This  list  of  principles  was  then  submitted  to 
three  subject-matter  specialists  for  an  evaluation  of 
each  principle  against  the  Investigator’s  criteria, 
and  also  in  regards  to  the  adequacy  of  the  manner  of 
statement  of  each  principle.  Written  recommendations 
were  submitted  by  the  specialists  to  the  investigator 
for  the  restatement  of  certain  principles  "in  accor- 
dance with  the  criterion  pertaining  to  the  accuracy 
of  the  statement.” 

This  list  of  252  principles  contained  a final 
30Ibid. , p.  373. 
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list  of  191  principles  of  the  physical  sciences,  each 
of  which  was  further  evaluated,  on  the  basis  of  its 
applicability  to  the  interpretation  of  problematic 
situations  commonly  encountered  in  general  living. 
Eleven  textbooks  were  analyzed  for  applications  to 
related  principles.  5,403  applications  were  secured 
as  a basis  in  courses  of  physical  science. 

Twenty  additional  principles  were  added  to  the 
tentative  list  of  252  principles  as  a result  of  the 
appearance  of  applications  which  could  not  be  assigned 
to  those  principles  already  formulated.  The  final  de- 
fensible list  of  272  principles  of  the  physical  sci- 
ences were  arranged  by  Wise  so  that  264  principles 
were  in  the  relative  order  of  importance  for  general 

education  grades  I-XIV,  inclusive. 

31 

In  1945  Martin  reported  a chronological  survey 
of  research  studies  of  principles  as  objectives  of 
instruction  in  science.  In  this  survey,  he  gives  a 
description  of  18  studies  of  principles  of  science. 
Included  in  these  18  studies,  however,  are  11  contri- 
buting studies,  making  a total  of  29.  Martin's  study 
of  the  principles  of  the  biological  sciences  of  impor- 
tance for  general  education  brings  the  total  to  30  re- 
search studies  of  principles  of  science  as  objectives 
of  instruction  in  science. 

31 

Martin,  0£.  clt . , 45-52. 
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Martin's32  study  closely  paralleled  that  of  Wise* 
His  study  was  divided  into  two  phases:  (1)  the  induc- 
tive phase,  the  purpose  of  which  was  to  secure  a ten- 
tative list  of  the  important  principles  of  the  biolo- 
gical sciences;  and  (2)  the  deductive  phase,  the  pur- 
pose of  which  was  to  determine  those  principles  in  the 
"master"  list  which  are  of  importance  as  objectives  of 
Instruction  in  science  in  a program  of  general  educa- 
tion* 


In  his  investigation  Martin  used  the  following 


33 

criteria 


for  a principle: 


(1)  It  must  be  a comprehensive  generalization 
which  resumes  the  widest  possible  range  of 
facts  within  the  domain  of  facts  with  which 
it  is  directly  concerned.  The  facts  resumed 
in  the  generalization  must  denote: 

a.  Objects  and/or  events  and  the  relation 
between  them. 

b.  Properties. 

(2)  It  must  be  scientifically  true.  To  satisfy  a 
criterion: 

a.  It  must  be  verifiable;  i.e.  it  must  be 
stated  so  that  it  suggests,  directly  or 
indirectly,  a definite  operation  of  ob- 
servations or  experiments  whereby  its 
truth  value  can  be  tested  or  verified. 

b.  It  must  be  consistent  with  the  body  of 
accepted  scientific  knowledge,  and  ex- 
cept for  a few  limiting  or  singular  ex- 
ceptions, with  all  the  data  (facts)  re- 
levant to  it. 


32 

W.  Edgar  Martin,  "A  Determination  of  the  Princi- 
ples of  the  Biological  Sciences  of  Importance  for  Gen- 
eral Education,"  Science  Education.  XXIX  (March,  1945), 
100-105;  XXIX  (Apr 11-May,  1945),  152-163. 

33Ibid. , p.  101. 
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A list  of  Important  biological  generalizations 
resulted  from  an  analysis  of  three  biology  textbooks 
used  in  junior  colleges,  three  textbooks  of  high- 
school  biology,  a survey  series  of  biological  science 
for  the  general  reader,  and  reports  of  five  research 
studies.  The  statements  against  two  criteria  of  a 
principle  were  checked  by  three  science  educators,  and 
these  statements  were  refined  by  three  biologists. 

Then  a ’'master"  list  was  organized  consisting  of  300 

major  and  236  minor  principles. 

34 

Sylvia  Flelsh  made  a survey  based  upon  the  sci- 
entific interest  of  pupils  in  grades  VII  through  XII 
in  four  communities  of  Massachusetts  to  determine  those 
science  principles  which  should  become  the  knowledge 
objectives  of  the  general- science  course.  A list  of 
sixty  principles  was  based  upon  numerous  questions  sub- 
mitted by  pupils.  Ten  general-science  textbooks  were 
next  examined  to  determine  whether  they  gave  space  to 
the  sixty  principles  found  underlying  the  science  ques- 
tions asked  by  the  students.  The  survey  showed  that 
although  many  of  the  textbooks  did  include  most  of  the 
listed  principles,  these  generalizations  were  not  stated 
in  clear  or  concise  language. 

34Sylvia  Fleish,  The  Formulation  of  the  Science 
Principles  That  Should  Become  the  Objectives  of  General 
Science  Teaching  in  the  Junior  High  School.  Unpub- 
lished Master's  thesis,  Boston  University,  1945. 


19 


35 

In  1946,  Jones  made  an  investigation  to  deter- 
mine the  principles  of  science  found  in  seven  ninth- 
grade  textbooks  of  general  science.  146  principles 
were  found  to  satisfy  the  following  criteria  used  by 
Jones: 

A principle  is  a comprehensive  generalization 

which 

Is  stated  positively  and  definitely. 

Is  true  but  with  rare  exceptions  within  the 
limitations  set  up  by  the  statement. 

Clearly  states  or  implies  a dynamic  process 
or  interaction. 

Is  demonstrable  experimentally. 

Is  not  merely  a definition  or  a description. 

Does  not  deal  with  specific  substances  or 
varieties. 

Has  meaning  outside  of  the  context. 

Jones  concluded  that  there  is  little  or  no  agree- 
ment as  to  the  number  and  selection  of  scientific  prin- 
ciples included  in  the  seven  text-books  of  general  sci- 
ence. 


36 

Bergman  conducted  a study  to  determine  the  prin- 
ciples of  entomology  that  are  of  significance  in  gen- 
eral education.  His  study  consisted  of  an  analysis  of 
ten  general  entomological  and  seven  popular  entomolo- 
gical textbooks,  thirty  reference  books  dealing  with 


35Ruth  v.  Jones,  A Study  of  the  Principles  of  Sci- 
ence Found  in  Nlnth-G-rade  Textbooks  of  General  Science, 
Unpublished  Master's  thesis,  University  of  Michigan, 
1946. 

George  J.  Bergman,  nA  Determination  of  the  Prin- 
ciples of  Entomology  of  Significance  in  General  Educa- 
tion, " Science  Education.  XXI  (February,  1947),  23-32; 
XXXI  (April,  1947),  144-157. 
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specific  aspects  of  entomology,  and  a total  of  140 
research  bulletins,  journals,  professional  biological 
periodicals,  and  miscellaneous  publications.  Careful 
examination  of  these  resulted  in  a total  of  52  entomo- 
logical principles. 

This  11 st  of  52  entomological  principles  was  checked 
against  principles  of  biology  to  determine  whether  they 
were  actually  based  upon,  related  to,  or  subordinate  to 
them  by  comparing  these  principles  with  studies  made  by 
Martin,  Downing,  and  Winokur.  A list  of  the  principles 
of  entomology  in  the  order  of  their  relative  importance 
in  general  education  was  formulated.  It  was  concluded 
that  this  list  of  principles  of  entomology  is  subordin- 
ate to,  is  related  to,  or  corresponds  to  a total  of  45 

(27  major  and  18  minor)  principles  of  biology. 

37 

Keeslar  made  an  investigation  to  determine  to 
what  extent  certain  selected  Instructional  films  in 
science  contribute  to  the  realization  of  three  of  the 
major  objectives  of  education.  He  selected  twenty-four 
of  the  best  instructional  films  in  science  for  his  stu- 
dy and  found  that,  even  though  they  are  fitted  to  teach 
scientific  principles,  elements  of  the  scientific 
method,  and  scientific  attitudes,  yet  they  reveal  no 

u Oreon  Keeslar,  "Contributions  of  Instructional 
Films  to  the  Teaching  of  High  School  Science,"  Sci- 
ence Education.  XXX  (March,  1946),  82-88;  XXX  (April, 
1946),  132-136. 
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definite  attempt  to  do  so.  The  author  reports  that  al- 
most half  of  the  contents  of  these  selected  films  make 

•7  0 

no  contribution  to  the  three  major  objectives.0 

The  Committee  on  Science  of  the  National  Society 

39 

for  the  Study  of  Education  in  its  Forty-Sixth  Yearbook 
used  criteria  to  state  the  objectives  for  science.  In 
accordance  with  this  list  of  criteria,  the  Committee 
proposed  eight  types  of  objectives  for  science  instruc- 
tion. The  functional  understanding  of  principles  was 

one  of  the  major  types  representing  a learning  outcome. 

40 

Leonelli  made  an  analysis  of  e ight  eighth-grade 
textbooks  of  general  science.  His  investigation  re- 
vealed a total  of  one  hundred  and  eighty-six  different 
principles.  Of  this  total  one  hundred  and  forty-four 
principles  were  physical  science  principles  and  the  re- 
mainder, forty-two  principles,  were  biological  science 
principles. 

38Ibid. , p.  82. 

39 Science  Education  in  American  Schools . Forty- 
Sixth  Yearbook  of  the  National  Society  for  the  Study 
of  Education,  Part  I.  Chicago;  University  of  Chicago 
Press,  1947.  p.  25. 

49Renato  E.  Leonelli,  Principles  of  Physical  and 
Biological  Science  Found  in  Eight  Textbooks  of  General 
Science  for  Grade  Eight.  Unpublished  Master's  thesis, 
Boston  University,  1947. 
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SURVEY  OF  LITERATURE  PERTAINING  TO  THE  DETERMINATION 
OF  THE  EFFECTIVENESS  OF  PRINCIPLES  IN  TERMS  OF 
RETENTION  OF  LEARNING 

41 

Tyler,  in  a study  at  Ohio  University  for  the  com- 
parison of  the  results  of  course  examinations  in  zoology, 
finds  that  specific  facts  were  most  quickly  forgotten, 
but  that  information  of  more  general  application  is  more 
permanent,  and  that  during  a 15-month  period,  students 
do  not  lose  the  ability  to  apply  zoological  principles 
to  new  situations.  He  concludes  that  colleges  should 
develop  their  examinations  to  center  around  objectives 
which  have  more  permanent  value  in  college  education. 

Frutchey4^  gave  five  pre-tests  measuring  certain 
knowledge,  skills,  and  abilities  to  students  studying 
chemistry  in  three  Ohio  high  schools.  Gains  were  meas- 
ured by  a test  given  nine  months  after  the  pre-tests, 
and  retention  was  measured  one-year  after  completion 
of  the  course.  It  was  found  that,  in  the  application 
of  principles,  both  boys  and  girls  retained  the  same 
percentages  of  their  progress  made  in  the  course. 

Thus  principles  are  retained  longer  than  facts,  and 
are  therefore  more  valuable  in  an  educational  program. 

41Ralph  W.  Tyler,  “Permanence  of  Learning, " Journal 
of  Higher  Education.  IV  (April,  1933),  205-204. 

42 

F.  P.  Frutchey,  "Retention  in  High  School  Chem- 
istry, " Educational  Research  Bulletin.  Ohio  State 
University,  XVI  (February,  1937) , 34-37. 
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Johnson* s* * * 4^  survey  on  the  extent  of  retention  of 

«( 

botanical  information  reports  that  those  students  who 


Dieting  the  course  are  very  likely  to  retain  the  most 

!> 

after  intervals  of  15  and  27  months.  He  also  finds  that 
the  rate  of  loss  is  quite  rapid  in  the  ability  to  re- 
tain botanical  information  during  the  three  and  fifteen 
months  after  completing  the  course.  But  this  was  later 
followed  by  a gradual  decline. 

Zelgler  shows  that  students  apparently  retain 
only  those  principles  which  they  meet  in  every-day  life- 
situations.  He  concludes  that,  although  much  of  the 
science  knowledge  is  practical  and  useful,  too  much  em- 
phasis is  placed  on  facts  which  will  not  later  be  re- 
tained. 

In  a study  on  the  retention  of  course  growth,  Wert45 
finds  that  retention  is  greater  with  less  specific  in- 
formation, and  that,  with  the  passage  of  time,  there  is 
some  gain  in  the  ability  of  students  to  apply  principles 
of  zoology  to  new  situations. 

43 

Palmer  0.  Johnson,  "The  Permanence  of  Learning  in 
Elementary  Botany, " The  Journal  of  Educational  Psycho- 
logy,  XXI  (January,  1930')“  37-47. 

44Robert  T.  Zeigler,  "A  Study  of  Fact  Retention  in 
General  Science,"  Science  Education,  XXVI  (February, 
1942),  83-84. 

4 5 

°James  E.  Wert,  "Twin  Examination  Assumptions," 

J ournal  of  Higher  Education,  VIII  (March,  1937),  136-140. 
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46 

Reek  shows,  In  an  investigation  on  this  survey 
of  studies  made  by  Johnson,  Wert,  Tyler,  Frutchey  and 
others,  that  it  is  important  to  teach  science  princi- 
ples in  terms  of  retention  of  learning,  and  that  it  is 
highly  unsatisfactory  to  teach  unrelated  facts  in  terms 
of  retention, 

SURVEY  OF  LITERATURE  PERTAINING  TO  THE  DETERMINATION 
OF  SUBJECT-MATTER  TOPICS  TO  BE  USED  FOR 
DEVELOPING  PRINCIPLES  OF  SCIENCE 

In  the  assignment  of  subject-matter  topics  to 

47 

principles,  Blanchet  used  Martin’s  list  of  300  prin- 
ciples of  the  biological  sciences  and  Wise’s  list  of 
272  principles  of  the  physical  sciences.  Using  the  crl 
terla  of  a principle  that  these  two  men  employed,  Blan- 
chet ’s  investigation  consists  of  four  parts.  In  each, 
the  physical  sciences  and  the  biological  sciences  are 
treated  separately: 

(1)  A determination  of  the  principles  of  science 
most  suitable  as  goals  for  survey  courses  in 
the  natural  sciences  at  the  junior-college 
level. 


46 

Doris  Lucille  Reek,  A Study  of  the  Principles  of 
Science  Found  in  Four  Series  of  Textbooks  of  Elementary 
Science.  Unpublished  Master's  thesis,  University  of 
Michigan,  1943. 

47Waldo  Emerson  Blanchet,  A Basis  for  the  Selection 
of  Course  Content  for  Survey  Courses  in  the  Natural  Sci- 
ences. Unpublished  Doctor's  dissertation,  University 
of  Michigan,  1946. 
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(2)  A determination  of  the  extent  to  which  these 
principles  are  included  in  textbooks  published 
for  use  in  survey  courses  in  the  natural  sci- 
ences# 

(3)  A determination  of  the  subject-matter  topics 
found  in  textbooks  for  use  in  the  natural  sci- 
ences, as  a source  of  Informational  materials 
with  which  to  develop  understandings  of  these 
principles# 

(4)  A determination  of  student  opinion  concerning 
the  relative  values  of  topics  which  they  had 
studied  in  survey  courses  in  the  natural  sci- 
ences. 

In  the  first  part  of  his  investigation  Blanchet 

determined,  on  the  basis  of  the  combined  judgments  of 

college  teachers  of  science  and  of  specialists  in  the 

teaching  of  sciences,  the  principles  of  science  most 

suitable  as  goals  for  survey  courses  in  the  natural 
49 

sciences# 

In  order  nto  determine  the  extent  to  which  the  prin- 
ciples of  science  most  suitable  as  goals  for  survey  cour- 
ses in  the  natural  sciences  were  included  in  textbooks 
published  for  use  in  these  courses,  1,59  Blanchet  devel- 
oped criteria  for  selecting  principles  from  the  text- 
books. This  was  necessary  because  a trial  examination 
of  several  of  the  textbooks  revealed  that  there  were 
variations  in  the  manner  in  which  principles  were  stated. 
A statement  was  considered  to  be  that  of  a particular 
principle : 


48Ibld. . p.  35. 

49 Ibid. . p.  38. 
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(1)  If  it  expressed  completely  the  idea  in  the 
original  statement  of  the  principle. 

(2)  If,  though  it  did  not  state  all  of  the  ele- 
ments of  the  principle,  it  was  referred  to 
by  the  author  or  authors  as  being  the  said 
principle. 

(3)  If  it  unmistakably  implied  the  principle 
and  could  be  reworded  so  that  the  principle 
was  stated. 

(4)  If,  though  it  did  not  state  the  principle  in 
full,  it  could  be  combined  justifiably  with 
another  statement  in  the  same  paragraph  or 
section,  which  together  stated  the  principle 
or  could  be  reworded  to  do  so. 

Blanchet  then  formulated  a composite  outline  of 
topics  related  to  the  physical  sciences  and  another  out- 
line related  to  the  biological  sciences.  When  all  of 
the  topics  related  to  each  separate  outline  had  been 
combined,  the  composite  outline  was  re-examined  and 
checked  by  the  investigator.  Three  copies  were  made 
and  submitted  to  three  specialists  in  the  teaching  of 
science,  who  examined  the  outline  critically  to  insure 
that  the  position  of  each  topic  in  the  outline  was  de- 
fensible, and  secondly,  that  no  topic,  although  worded 
differently,  appeared  more  than  once  in  the  outline. 

The  final  step  involved  the  determinat ion  of  the  fre- 
quency of  appearance  of  the  topics  contained  in  the  two 
composite  outlines. 

The  last  part  of  Blanchet’ s investigation  was  11  to 
allocate  a selected  sampling  of  the  topics  of  the  two 
composite  outlines  under  the  principles  of  science  that 
were  important  as  goals  of  instruction  in  survey  courses 
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51 

in  the  natural  sciences.”  A copy  of  the  list  of  prin- 
ciples of  the  physical  sciences  and  t he  biological  sci- 
ences with  their  assigned  topics  was  submitted  to  each 
of  three  specialists  in  the  teaching  of  science  in  order 
to  check  the  def ensibllity  of  assignment  of  these  topics 
to  the  various  principles.  ”A  total  of  1171  assignments 
of  physical  topics  was  made  to  the  (272)  physical  prin- 
ciples and  970  assignments  of  biological  topics  were 
made  to  the  300  principles  of  the  biological  scien- 
ces. 1,52 

Blanchet  stated  as  a conclusion  that,  even  though 
there  was  a diversity  in  the  contents  of  the  textbooks 
Investigated,  yet  they  did  include  suitable  materials 
for  developing  understandings  of  principles. 

SUMMARY  OF  RESEARCH  STUDIES 

The  report  of  the  Thirty-First  Yearbook  committee 
and  the  Thayer  Commission  recommend  that  courses  in  sci- 
ence can  best  contribute  to  the  aims  of  science  educa- 
tion when  organized  around  principles  of  science.  Sub- 
sequent studies  justifying  this  recommendation  were 
undertaken  at  the  University  of  Chicago,  under  Downing; 
University  of  Michigan,  under  Curtis;  Columbia  Univer- 
sity, under  Powers  and  Craig;  New  York  University,  un- 

olIbid. , p.  302. 

52Ibld. . p.  307. 
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der  Peiper  and  Robertson;  and  also  at  Boston  University, 
under  Miles* 

The  studies  by  Wise  and  Martin  brought  together  in 
two  separate  lists  principles  of  the  physical  sciences 
and  the  biological  sciences  of  Importance  of  general 
education  for  grades  I through  XIV.  However,  these  two 
investigators  did  not  attempt  to  determine  principles 
suitable  for  any  particular  grade  level* 

The  studies  made  by  Johnson,  Tyler,  Frutchey,  Wert, 
and  Zelgler  Indicate  that  principles,  when  learned,  be- 
come a part  of  a pupil's  mental  equipment,  but  facts 
merely  memorized  are  soon  forgotten. 

According  to  Fleish  and  Jones  our  leading  text- 
books of  general  science  do  not  agree  as  to  the  number, 
selection  and  spatial  importance  of  principles* 

It  would  seem  that  we  can  accept  the  point  of  view 
that  the  broad  generalizations  of  science  have  much 
guidance  value  and  that  they  are  an  Important  element 
in  curriculum  construction.  The  majority  of  studies 
of  principles  of  science  have  been  limited  to  the  secon- 
dary level.  Only  a few  have  dealt  specifically  with 
principles  of  science  for  courses  in  science  at  the 
college  level.  These  have  dealt,  for  the  most  part, 
with  methods  of  teaching. 
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THE  PROBLEM  OF  THIS  INVESTIGATION 

This  investigation  involves  the  subject-matter 
content  of  five  high-school  textbooks  of  physics.  It 
is  proposed  to  prepare  a composite  topical  outline  of 
the  five  books  and  to  assign  the  resultant  major  topics 
to  principles  of  physical  science  developed  by  Wise, 
on  the  basis  that  a discussion  of  the  subject-matter 
found  in  the  topical  outline  under  the  major  topics 
might  be  reasonably  expected  to  lead  to  a development 
of  an  understanding  of  the  principles  to  which  they 
are  assigned.  This  investigation  has  the  potentiality 
of  use  as  a guide  in  the  selection  of  subject  matter 
topics  suitable  for  Inclusion  in  a high-school  textbook 
of  physics,  and  also,  to  assist  instructors  in  their 
choice  of  subject-matter  designed  to  develop  a parti- 
cular major  generalization,  or  all  the  principles. 

% 

STATEMENT  OF  THE  PROBLEM 

The  purpose  of  this  investigation  is  (1)  to  pre- 
pare a composite  topical  outline  of  the  subject-matter 
topics  found  in  five  high- school  textbooks  of  physics, 
as  a source  of  informational  materials  with  which  to 
develop  understandings  of  principles  of  physical  sci- 
ence, and  (2)  to  assign  to  principles  of  physical  sci- 
ence those  topics  which  a study  of  might  reasonably  be 
expected  to  contribute  to  the  development  of  an  under- 
standing of  the  principles. 
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SCOPE  AND  LIMITATIONS  OF  THE  INVESTIGATION 

The  study  is  limited  to  a solution  of  the  problem 
as  stated.  It  is  limited  to  the  use  of  five  high- 
school  textbooks  of  physics  in  the  preparation  of  the 
topical  outline,  and  the  use  of  the  list  of  272  prin- 
ciples of  physical  science  developed  by  Wise* 

No  attempt  is  made  to  determine  the  frequency  of 
a principle  in  any  one  textbook;  to  arrange  the  items 
in  the  topical  outline  in  the  order  of  their  importance 
or  in  the  best  order  for  teaching;  or  to  arrange  topics 
under  the  principles  to  which  they  contribute  in  the 
order  of  their  relative  values  in  contributing  to  an 
understanding  of  the  principles* 
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CHAPTER  II 


DEVELOPMENT  OF  A COMPOSITE  TOPICAL  OUTLINE 
STATEMENT  OF  THE  PROBLEM 


The  purpose  of  this  part  of  the  investigation  is 
to  prepare  a composite  topical  outline  of  the  subject- 
matter  topics  found  in  five  high-school  textbooks  of 
physics,  as  a source  of  informational  materials  with 
which  to  develop  understandings  of  principles  of  phys- 
ical science* 

SELECTION  OF  THE  TEXTBOOKS  FOR  ANALYSIS 


For  the  purpose  of  this  investigation  the  follow- 
ing criteria  for  the  selection  of  textbooks  for  sub- 
ject-matter topics  were  that  the  textbook  must: 

(1)  Be  available  for  use  at  the  time  the  study 
is  started; 

(2)  Have  been  published  by  a well-known  publish- 
ing house; 

(3)  Have  been  published  or  revised  since  1935;  and 

(4)  Be  representative  of  the  textbooks  of  physics 
used  in  high  schools* 

The  following  five  textbooks  of  physics  which  met 

these  criteria,  were  used  in  this  investigation: 

Dynamic  Physics , Bower,  Ernest  0. , and  Robinson, 
George  H.  New  York:  Rand  McNally  and  Company,  1942* 

Modern  Phy sics.  Dull,  Charles  E.  New  York:  Henry 
Holt  and  Company,  1945. 
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physics  of  Today , Clark,  John  A.,  G-orton,  Freder- 
ick R. , and  Sears,  Francis  W.  Boston:  Houghton 
Mifflin  Company,  1943. 

Physics . Whitman,  Walter  G-. , and  Peck,  A.  P. 
Boston:  American  Book  Company,  1946. 

Elementary  Practical  Physics,  Black,  Newton  H. , 
and  Davis,  Harvey  N.  New  York:  Macmillan  Company, 
1946. 


TECHNIQUES  EMPLOYED 

The  first  step  was  the  formulation  of  a composite 
outline  of  topics  from  the  five  high-school  textbooks 
of  physics.  The  subject-matter  topics  contained  in  a 
textbook  were  considered  to  be  its  chapter,  center,  and 
paragraph  headings.  For  each  textbook  an  outline  form 
was  made  in  accordance  with  the  way  the  author  or  au- 
thors arranged  them  in  the  respective  texts. 

Upon  inspection  of  these  outlines,  the  following 
major  divisions  of  physics  Included  in  the  textbooks 
became  apparent:  mechanics,  heat,  sound,  light,  mag- 

netism and  electricity,  and  modern  physics. 

It  was  planned  to  use  the  outline  of  the  one  text- 
book by  Inspection  which  seemed  to  have  the  largest  num- 
ber of  subject-matter  topics  and  was  more  Inclusively 
worded  to  serve  as  a basis  for  the  composite  outline. 

Sheets,  ruled  with  six  vertical  columns  at  the 
right-hand  side,  were  used  for  tabulating  the  frequency 
of  appearance  of  topics  in  the  five  textbooks.  A code 
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letter  for  each  of  the  five  textbooks  was  placed  respec- 


tively at  the  top  of  one  of  the  first  five  vertical 
columns  and  an  (N)  was  placed  in  the  sixth  vertical 
column.  The  total  number  of  books  in  which  a particu- 
lar topic  appeared  was  recorded  under  (N)  in  the  sixth 
column. 

The  following  key  used  for  Table  I shov/s  the  code 
letters  assigned  to  each  of  the  five  physics  textbooks: 
Letter  Authors  Title 


A 

B 

C 

D 

E 


Bower  and  Robinson  Dynamic  Physics 

Dull  Modern  Physics 

Clark,  Gorton,  and  Sears  Physics  of  Today 

V/hitraan-Peck  Physics 


Black  and  Davis 


Elementary  Practical 
Physics 


The  topics  from  the  outline  of  textbook  (B)  were 
written  in  their  outline  form  at  the  left-hand  side  of 
the  sheet.  An  (x)  was  placed  in  the  column  headed  by 
(B)  opposite  each  topic  in  this  section  of  the  outline 
to  Indicate  that  that  topic  appeared  in  textbook  (B). 

When  all  of  the  topics  from  the  outline  of  text- 
book (B)  had  been  entered,  topics  from  a second  text- 
book were  added  to  the  outline  in  the  following  manner: 
an  (x)  was  placed  headed  by  the  code  letter  for  this 
second  textbook  opposite  every  topic  which  appeared  in 
the  second  textbook  and  which  had  already  been  entered 
from  textbook  (B)* 
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In  many  cases  the  topics  from  the  second  textbook 
were  worded  differently  from  those  appearing  in  text- 
book (B).  If  the  meaning  were  the  same,  the  wording 
from  textbook  (B)  was  retained  in  the  composite  outline. 

Y/hen  an  (x)  was  placed  in  the  column  headed  by  the 
code  letter  of  the  second  textbook  (A)  for  all  of  the 
topics  which  the  second  textbook  had  in  common  with 
textbook  (B),  the  remaining  topics  from  that  book  were 
added  at  appropriate  places  to  the  outline  and  an  (x) 
was  placed  in  the  appropriate  column.  When  all  of  the 
topics  from  the  second  textbook  had  been  added,  a simi- 
lar procedure  was  followed  with  each  of  the  remaining 
three  textbooks. 

If  the  texts  ala  not  agree  as  to  the  proper  major  topic 
for  a minor  topic  to  support,  but  two  or  more  books 
did  agree,  then  the  minor  topic  was  placed  in  accord- 
ance to  this.  If  there  was  no  agreement,  then the  minor 
topic  was  placed  under  the  major  topic  in  the  outline 
of  textbook  (B)  which  was  selected  as  a guide. 

When  all  of  the  topics  contained  in  the  five  text- 
books used  for  formulating  the  composite  outline  had 
been  combined  according  to  the  procedure  already  outlined, 
the  composite  outline  was  re-examined  and  checked  by  the 
investigator  to  insure  that:  every  topic  found  in  a 

book  was  assigned  to  that  book  by  an  (x)  placed  under 
its  code  letter;  no  topic  was  assigned  to  a book  which 
it  did  not  actually  contain;  and  the  column  (N)  had  the 
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correct  number  of  x’s  for  each  individual  topic. 

Three  teachers  of  physics  were  asked  to  examine t he 
outline  critically,  according  to  Blanchet’s^  procedure, 
to  insure,  first,  that  the  position  of  each  topic  in 
the  outline  was  defensible,  and  secondly,  that  no  topic, 
although  worded  differently,  appeared  more  than  once 
in  the  outline  unless  the  respective  difference  in  its 
connotations  at  the  two  or  more  points  clearly  demanded 
that  it  be  considered  as  tv/o  or  more  separate  topics* 

If  one  of  the  teachers  suggested  that  a topic  be 
transferred  from  one  position  in  the  composite  outline 
to  another,  the  suggestion  was  treated  in  the  following 
manner: 

(1)  If  the  topic  appeared  in  the  composite  out- 
line at  the  point  corresponding  with  the  one  where  it 
appeared  in  the  outline  of  the  textbook  that  contained 
it,  the  suggestion  to  transfer  it  was  disregarded. 

(2)  If  the  major  topic  under  which  the  teacher 
suggested  that  the  topic  in  question  be  placed  actually 
contained  a discussion  of  that  topic,  then  the  transfer 
was  made.  Major  topic  refers  to  the  one  whose  position 
of  relative  Importance  in  the  composite  outline  was 
next  above  that  of  the  topic  question.  The  suggested 

^Waldo  Emerson  Blanchet,  A Basis  for  the  Selection 
of  Course  Content  for  Survey  Courses  in  the  Natural 
Sciences,  p.  189.  Unpublished  Doctor’s  dissertation. 
University  of  Michigan,  1946. 
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transfer  was  made  In  any  case  if  two  or  more  specialists 
indicated  the  same  point  for  its  placement  in  the  out- 
line. 

In  all  cases  in  which  a minor  topic  appeared  in  a 
textbook  though  the  particular  major  topic  under  which 
it  was  placed  in  the  outline  did  not,  an  (x)  was  placed 
beside  both  the  major  and  the  minor  topic.  If  the  arrange- 
ment of  topics  in  the  outline  be  defensible,  then  such 
a procedure  would  seem  defensible.  Moreover,  it  is  the 
only  way  of  avoiding  the  situation  of  minor  topics  having 
greater  composite  values  than  major  ones. 

Table  I,  which  follows,  shows  the  subject-matter 
topics  tabulated  from  the  various  textbooks. 
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TABLE  I 

COMPOSITE  TOPICAL  OUTLINE  OF  FIVE  HI OH- SCHOOL 
TEXTBOOKS  OF  PHYSICS 


Topics 

A 

Book 
B C 

D 

E 

N 

1.  Physics  in  relation  to  life* 

X 

X 

X 

X 

4 

Physics,  a fundamental  science 

X 

X 

2 

Theory  and  practice  of  physics 

X 

X 

X 

3 

What  is  "science?” 

X 

1 

Why  study  physics? 

X 

1 

Is  physics  difficult? 

X 

1 

Physics  versus  engineering 

X 

1 

Physics  then  and  now 

X 

1 

Divisions  of  physics 

X 

X 

X 

3 

Mechanics 

X 

X 

X 

3 

Heat 

X 

X 

X 

3 

Sound 

X 

X 

X 

3 

Electricity 

X 

X 

X 

3 

Light 

X 

X 

X 

3 

Modern  Physics 

X 

1 

2.  Physics  in  relation  to  progress 

X 

X 

2 

Period  of  Ignorance,  superstition 

a.nd  fear 

X 

1 

Rise  of  critical  thinking 

X 

1 

Recognizing  the  problem 

X 

1 

Tentative  ideas 

X 

1 

Reasoning 

X 

X 

X 

X 

4 

Experimentation  and  observe- 

tion 

X 

X 

X 

3 

Conclusion  based  on  experi- 

raent 

X 

X 

X 

X 

4 

♦Table  I is  read  thus:  The  major  topic  ’’Physics  in 
relation  to  life”  was  found  in  Books  A,  B,  C,  and  D.  The 
total  number  of  books  in  which  tills  topic  was  found  was 
four.  The  minor  topic  "Physics,  a fundamental  science" 
was  found  in  Books  B and  D.  The  total  number  of  books  in 
which  the  minor  topic  was  found  was  two.  The  sub-topic 
"Mechanics”  was  found  in  Books  A,  B,  and  E.  The  total 
number  of  books  which  contained  it  was  three. 
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TABLE  (CONTINUED) 
I 


Topics 

A 

Book 
B C 

D 

E 

N 

2.  (Continued) 

Telescope  and  microscope 

X 

X 

X 

X 

X 

5 

Steam  engine 

X 

X 

X 

X 

X 

5 

Steamboat  and  locomotive 

X 

X 

X 

3 

Cotton  gin  and  reaper 

X 

1 

Electric  generator 

X 

X 

X 

X 

X 

5 

Internal-combustion  engine 

X 

X 

X 

X 

4 

Automobile  and  airplane 

X 

X 

X 

X 

X 

5 

Radio  and  motion  picture 

X 

X 

X 

X 

X 

5 

Benefits  of  physics 

X 

X 

2 

3.  Matter  and  energy 

X 

X 

X 

X 

X 

5 

What  is  matter? 

X 

X 

X 

X 

X 

5 

States  of  matter:  solid,  liquid. 

and  gas 

X 

X 

X 

X 

X 

5 

Structure  of  matter 

X 

X 

X 

3 

Changes  that  take  place  in  mat- 

ter 

X 

X 

2 

Ninety- two  elements 

X 

1 

Composition  of  matter 

X 

X 

X 

X 

X 

5 

"Divisibility  of  matter 

X 

1 

Law  of  conservation 

X 

X 

X 

X 

X 

5 

Potential  and  kinetic  energy 

X 

X 

X 

X 

X 

5 

4*  Properties  of  matter 

X 

X 

X 

X 

X 

5 

General  properties 

X 

X 

X 

3 

Volume 

X 

X 

X 

3 

Mass 

X 

X 

X 

3 

Weight 

X 

X 

X 

X 

X 

5 

Difference  between  mass 

and  weight 

X 

X 

X 

X 

4 

Sealer  of  weights  and  mea- 

sures 

X 

1 

Impenetrability 

X 

X 

2 

Inertia 

X 

X 

X 

X 

X 

5 

Porosity 

X 

X 

X 

3 

Special  properties 

X 

X 

X 

3 

Tenacity 

X 

X 

X 

X 

4 

Brittleness 

X 

X 

2 

Hardne  s s 

X 

X 

X 

3 

Annealing 

X 

X 

2 

Industrial  abrasives 

X 

X 

2 

Llalleability 

X 

X 

X 

3 

Meaning  of  density 

X 

X 

X 

X 

X 

5 

Measurement  of  density 

X 

X 

X 

X 

X 

5 

Uses  of  density 

X 

X 

2 

f 
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TABLE  ( CONTINUED) 
I 


Topics 

A 

Book 
B C 

D 

E 

N 

5.  Measurement 

X 

X 

X 

X 

X 

5 

Origin  of  some  common  measures 

X 

1 

Advantages  of  the  metric  system 

X 

X 

X 

3 

English  system 

X 

X 

X 

X 

X 

5 
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of  the  outline  only,  78  appeared  in  all  five  textbooks, 

9 in  four,  2 in  three,  and  the  remaining  5 in  two  books. 

The  total  frequency  of  occurrence  of  topics  in  any 
one  book  varied  from  949  to  1516.  The  total  frequency 
of  occurrence  of  topics  in  all  five  books  was  5986,  an 
average  of  1197.2  topics  per  book. 


( 


CHAPTER  III 


ASSIGNMENT  OF  THE  MAJOR  TOPICS  TO  PRINCIPLES 
STATEMENT  OF  THE  PROBLEM 

The  purpose  of  this  part  of  the  investigation  is 
to  assign  to  principles  of  physical  science  those  topics, 
from  the  composite  outline,  which  a study  of  might  rea- 
sonably be  expected  to  contribute  to  the  development  of 
an  understanding  of  the  principles. 

TECHNIQUES  EMPLOYED 

Each  of  the  94  major  topics  related  to  the  physical 
sciences  was  individually  checked  against  the  list  of 
272  physical  principles  developed  by  Wise.  Whenever, 
in  the  opinion  of  the  investigator,  a discussion  of  a 
topic  might  reasonably  be  expected  to  Include  materials 
contributory  to  develop  an  understanding  of  a principle, 
the  topic  was  assigned  to  that  principle. 

In  some  cases  the  same  topics  were  assigned  to 
several  different  principles.  In  order  to  conserve 
space,  these  principles  were  listed  as  a group  and  the 
topics  that  would  have  been  assigned  to  each  was  placed 
after  the  last  principle  in  the  group. 
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No  attempt  was  made  to  arrange  the  topics  that 
were  thus  assigned  in  the  best  order  for  developing  an 
understanding  of  that  principle.  Each  principle  was 
placed  on  a separate  sheet  of  paper  and  all  the  topics 
assigned  to  it  were  listed  below  the  principle.  In 
order  to  check  the  def ensibility  of  assignment  of  topics 
to  the  various  principles,  the  completed  list  was  sub- 
mitted to  the  same  three  teachers  of  science  who  had 
checked  the  composite  topical  outline.  If  at  least 
two  of  the  three  teachers  agreed  that  a particular  as- 
signment should  not  be  made,  the  topic  was  not  assigned 
to  the  principle. 

Whenever  an  assignment  of  a topic  to  a principle 
was  questioned  by  any  of  the  teachers,  the  Investigator 
had  a conference  with  the  teacher  and  explained  the 
basis  on  which  that  assignment  was  made.  In  every 
such  case,  with  the  exception  of  one  assignment,  the 
explanation  given  by  the  Investigator  was  accepted  by 
the  teacher  as  Justifying  the  assignment  as  originally 
made. 

Table  II,  which  follows,  lists  171  principles  of 
the  physical  sciences  with  their  assigned  topics.  An 
attempt  was  made  to  place  related  principles  together. 
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TABLE  II 

ASSIGNMENTS  OF  THE  MAJOR  TOPICS  FOUND  IN  FIVE  HIGH- 
SCHOOL  TEXTBOOKS  OF  PHYSICS  TO  ONE  HUNDRED 
SEVENTY-ONE  PRINCIPLES  OF  PHYSICAL  SCIENCE 


Principles  and  Major  Topics 


PRINCIPLE 

1.  A body  immersed  or  floating  in  a fluid  is  buoyed  up 
by  a force  equal  to  the  weight  of  the  fluid  displaced. 

MAJOR  TOPICS 

♦Liquid  pressure  and  total  force 
Pressure  on  a confined  liquid 
Loss  of  weight  of  objects 
Pressure  of  air 

Expansibility  and  compressibility  of  gases 

Compressed  air 

Molecular  attraction 

The  airplane  and  its  control 

PRINCIPLE 

2.  The  work  obtained  from  a simple  machine  is  always 
equal  to  the  work  put  into  it  less  the  work  expended 
in  overcoming  friction. 

MAJOR  TOPICS 

Matter  and  energy 

Principle  of  conservation  of  energy 
Aid  of  machines  in  doing  work 
Mechanical  advantages  of  machines 
Friction 

Efficiency  of  machines 


♦Table  II  is  read  thus:  A discussion  of  any  of  the 
Major  Topics  such  as  "Liquid  pressure  and  total  force" 
can  reasonably  be  expected  to  be  contributory  to  the  de- 
velopment of  an  understanding  of  the  principle,  "A  body 
immersed  or  floating  in  a fluid displaced." 
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TABLE  II  (CONTINUED) 


Principle  and  Major  Topics 


PRINCIPLE 

3.  Any  homogeneous  body  of  liquid,  free  to  take  its  own 
position,  will  seek  a position  in  which  all  exposed  sur- 
faces lie  on  the  same  horizontal  plane* 

MAJOR  TOPICS 


Pressure  on  a confined  liquid 
Wind,  water,  and  weather 
Behavior  of  matter 
Molecular  attraction 

PRINCIPLE 

4.  A gas  always  tends  to  expand  throughout  the  whole 
space  available* 

MAJOR  TOPICS 

Matter  and  energy 

Expansibility  and  compressibility  of  gases 

Behavior  of  matter 

Molecular  attraction 

The  nature  of  a solution 

Heat  and  the  state  of  matter 

Study  of  meterology 

PRINCIPLE 

5.  When  one  body  exerts  a force  on  a second  body,  the 
second  body. exerts  an  equal  and  opposite  force  on  the 
first* 

MAJOR  TOPICS 


Magnitude  of  two  or  more  forces 
Resolution  of  forces 
Accelerated  motion 
Newton's  law  of  motion 
Curvilinear  motion 
The  airplane  and  its  control 
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TABLE  II  (CONTINUED) 


Principle  and  Major  Topics 


PRINCIPLE 

6.  7/hen  there  is  a gain  in  mechanical  advantage  by  using 
a simple  machine,  there  is  a loss  in  speed  and  vice  versa* 

MAJOR  TOPICS 


Principle  of  conservation  of  energy 
Aid  of  machines  in  doing  work 
Mechanical  advantages  of  machines 
Compound  machines 
Friction 

Efficiency  of  machines 
Relation  between  heat  and  work 

PRINCIPLE 

7.  The  pressure  at  a point  in  any  fluid  is  the  same  in 
all  directions* 

MAJOR  TOPICS 


Liquid  pressure  and  total  force 
Pressure  on  a confined  liquid 
Pressure  of  air 

Expansibility  and  compressibility  of  gases 

Behavior  of  matter 

Molecular  attraction 

The  nature  of  a solution 

Heat  and  the  state  of  matter 

PRINCIPLE 

8.  Any  two  bodies  attract  one  another  with  a force  which 
is  directly  proportional  to  the  attracting  masses  and 
inversely  proportional  to  the  square  of  the  distance  be- 
tween their  centers  of  mass. 

MAJOR  TOPICS 


Force  of  gravity 
Newton’s  law  of  motion 
Curvilinear  motion 
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TABLE  II  (CONTINUED) 


Principle  and  Major  Topics 


PRINCIPLE 

9.  In  the  lever  the  force  times  its  distance  from  the 
fulcrum  equals  the  weight  times  its  distance  from  the 
fulcrum. 

MAJOR  TOPICS 


Force  of  gravity 

Magnitude  of  two  or  more  forces 

Resolution  of  forces 

Aid  of  machines  in  doing  work 

Mechanical  advantages  of  machines 

Compound  machines 

PRINCIPLE 

10.  In  the  inclined  plane,  weight  times  height  equals 
acting  force  times  length,  providing  friction  is  neg- 
lected and  the  force  is  parallel  to  the  plane. 

MAJOR  TOPICS 


Magnitude  of  two  or  more  forces 
Mechanical  advantages  of  machines 

PRINCIPLE 

11.  The  amount  of  momentum  possessed  by  an  object  is 
proportional  to  its  mass  and  to  its  veloc  ity. 

MAJOR  TOPICS 

Accelerated  motion 
Newton's  laws  of  motion 
Curvilinear  motion 

Principle  of  conservation  of  energy 
PRINCIPLE 

12.  \fhen  pressure  is  applied  to  any  area  of  a liquid 
in  a closed  container,  it  is  transmitted  in  exactly 
the  same  intensity  to  every  area  of  the  container  in 
contact  with  the  liquid. 
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TABLE  II  (CONTINUED) 


Principle  and  Major  Topics 


MAJOR  TOPICS 


Liquid  pressure  and  total  force 
Pressure  on  a confined  liquid 

PRINCIPLE 

13.  The  energy  which  a body  possesses  on  account  of  its 
motion  is  called  kinetic  energy  and  is  proportional  to 
its  mass  and  the  square  of  its  velocity. 

MAJOR  TOPICS 


Principle  of  conservation  of  energy 
Nature  of  heat 

PRINCIPLE 

14.  Bodies  in  rotation  tend  to  fly  out  in  a straight 
line  which  is  tangent  to  the  arc  of  rotation. 

15.  Centrifugal  force  is  directly  proportional  to  the 
square  of  the  velocity,  to  the  mass,  and  inversely  pro- 
portional to  the  radius  of  rotation. 

16.  A spinning  body  offers  resistance  to  any  force  which 
changes  the  direction  of  the  axis  about  which  the  body 
rotates. 

MAJOR  TOPICS 


Newton’ 3 laws  of  motion 
Curvilinear  motion 

PRINCIPLE 

17.  The  speed  gained  by  a body  with  a constant  accel- 
eration is  equal  to  the  product  of  the  acceleration  and 
the  time. 

MAJOR  TOPIC 


Accelerated  motion 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

18.  At  any  point  on  the  earth’s  surface,  all  bodies 
fall  with  a constant  acceleration  whcih  is  independent 
of  the  mass  or  size  of  the  body  if  air  resistance  be 
neglected. 

MAJOR  TOPICS 


Force  of  gravity 
Accelerated  motion 
Newton’s  laws  of  motion 

PRINCIPLE 

19.  When  forces  act  in  the  same  direction,  the  resul 
tant  is  their  algebraic  sum. 

MAJOR  TOPICS 


Magnitude  of  two  or  more  forces 
Resolution  of  forces 

PRINCIPLE 

20.  As  the  velocity  of  flow  through  a constricted  area 
increases,  the  pressure  diminishes. 

MAJOR  TOPICS 


Curvilinear  motion 

The  airplane  and  its  control 

PRINCIPLE 

21.  The  amount  of  heat  developed  in  doing  work  against 
friction  is  proportional  to  the  amount  of  work  thus  ex' 
pended. 

MAJOR  TOPICS 


Principle  of  conservation  of  energy 
Relation  between  heat  and  work 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

22.  All  liquids  are  compressible  but  only  to  a slight 
degree* 

MAJOR  TOPICS 


Pressure  on  a confined  liquid 
Expansibility  and  compressibility  of  gases 

PRINCIPLE 

23.  Sliding  friction  is  dependent  upon  the  nature  and 
condition  of  the  rubbing  surfaces,  proportional  to  the 
force  pressing  the  surfaces  together  and  independent  of 
the  area  of  contact. 

MAJOR  TOPICS 


Mechanical  advantages  of  machines 

Compound  machines 

Friction 

Efficiency  of  machines 
PRINCIPLE 

24.  The  acceleration  of  a body  is  proportional  to  the 
resultant  force  acting  on  that  body  and  is  in  the  direc- 
tion of  that  force. 

MAJOR  TOPICS 


Force  of  gravity 
Accelerated  motion 
Newton’s  laws  of  motion 
Curvilinear  motion 
The  airplane  and  its  control 

PRINCIPLE 

25.  The  distance  a body  travels,  starting  from  rest  with 
a constant  acceleration,  is  one-half  the  acceleration 
times  the  square  of  the  time. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Force  of  gravity 
Accelerated  motion 
Newton’s  laws  of  motion 

PRINCIPLE 

26.  The  distortion  of  an  elastic  body  is  proportional 
to  the  force  applied  provided  the  elastic  limit  is  not 
exceeded. 

MAJOR  TOPIC 


Molecular  attraction 
PRINCIPLE 

27.  V/hen  two  forces  act  upon  the  same  object,  the  re- 
sultant is  the  diagonal  of  a.  parallelogram  whose  sides 
represent  the  direction  and  magnitude  of  the  two  forces. 

A single  force  represented  by  the  diagonal  may  be  resolved 
into  two  forces  represented  by  the  sides  of  the  paral- 
lelogram. 

MAJOR  TOPICS 

Magnitude  of  two  or  more  forces 

Resolution  of  forces 

The  airplane  and  its  control 

PRINCIPLE 

28.  The  rate  of  osmosis  is  directly  proportional  to  the 
difference  in  concentration  on  opposite  sides  of  the 
membrane. 

MAJOR  TOPIC 


Behavior  of  matter 
PRINCIPLE 

29.  Fluids  have  no  elastic  limit  for  compression. 


. 

. 


* 

■ 

. 

. • 

* 

. 

, 

. 


. 


106 


TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Pressure  on  a confined  liquid 
Molecular  attraction 

PRINCIPLE 

30.  The  period  of  a pendulum  swinging  through  short 
arcs  is  independent  of  the  weight  of  the  hob  but  varies 
directly  as  the  square  root  of  the  length  and  inversely 
as  the  square  root  of  the  acceleration  of  gravity. 

MAJOR  TOPIC 


Swinging  pendulum 
PRINCIPLE 

31.  VThen  the  resultant  of  all  the  forces  acting  on  a 
body  is  zero,  the  body  will  stay  at  rest  if  at  rest, 
or  it  will  keep  in  uniform  motion  in  a straight  line  if 
it  is  in  mot  ion. 

MAJOR  TOPICS 


Force  of  gravity 

Magnitude  of  two  or  more  forces 

Accelerated  motion 

Newton1  s lav/s  of  motion 

Curvilinear  motion 

PRINC IPLE 

32.  Orderly  arrangement  of  molecules,  atoms,  or  ions  in 
crystals  gives  the  crystals  regular  form. 

MAJOR  TOPIC 


Nature  of  a solution 
PRINCIPLE 


33.  Fluids  have  no  elastic  limit 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Liquid  pressure  and  total  force 
Pressure  on  a confined  liquid 
Pressure  of  air 

Measuring  expansion  caused  by  heat 
The  automobile 

PRINCIPLE 

34.  Gases  may  be  converted  into  liquids  by  reducing  the 
speed  of  their  molecules. 

MAJOR  TOPIC 


Measuring  expansion  caused  by  heat 
PRINCIPLE 

35.  The  height  to  which  a liquid  rises  in  a capillary 
tube  is  directly  proportional  to  the  surface  tension  of 
the  liquid  and  inversely  proportional  to  the  density  of 
the  liquid  and  to  the  radius  of  the  tube. 

MAJOR  TOPIC 


Molecular  attraction 
PRINCIPLE 

36.  In  the  northern  hemisphere  great  volumes  of  air 
revolve  in  a counter-clockwise  direction,  and  in  the 
southern  hemisphere,  they  revolve  in  a clockwise  alrec 
tlon. 

MAJOR  TOPIC 


Study  of  meteorology 
PRINC IPLE 

37.  Condensation  will  occur  when  a vapor  is  at  its  sat 
uration  point  if  centers  of  condensation  are  available 
and  if  heat  is  withdrawn. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Heat  and  the  state  of  matter 
Conduction 

PRINCIPLE 

58.  The  lower  the  temperature  of  a body,  the  less  the 
amount  of  energy  it  radiates;  the  higher  the  temperature, 
the  greater  is  the  amount  of  energy  radiated. 

MAJOR  TOPIC 


Radiation 

PRINCIPLE 

39.  The  atmosphere  of  the  earth  tends  to  prevent  the 
heat  of  the  earth’s  surface  from  escaping,  and  the  earth 
begins  to  cool  only  when  the  amount  of  heat  lost  during 
the  night  exceeds  that  gained  during  the  day. 

MAJOR  TOPICS 


Wind,  water,  and  weather 
Study  of  meteorology 

PRINCIPLE 

40.  Heat  Is  liberated  when  a gas  is  compressed,  and  is 
absorbed  when  a gas  expands. 

MAJOR  TOPICS 


Wind,  water,  and  weather 

Expansibility  and  compressibility  of  gases 
Compressed  air 

Measuring  expansion  caused  by  heat 
Heat  and  the  state  of  matter 
Convection 
Conduction 

Study  of  meteorology 
Relation  between  heat  and  work 
Utilizing  heat 

How  the  Internal  combustion  engine  works 
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TAELE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

41.  Heat  is  transferred  by  convection  in  currents  of 
gases  or  liquids  the  rate  of  transfer  decreasing  with  an 
increase  in  the  viscosity  of  the  circulating  fluid. 

MAJOR  TOPICS 


Wind,  water,  and  weather 
Measuring  expansion  caused  by  heat 
Heat  and  the  state  of  matter 
Convect ion 

Study  of  meteorology 
Relation  between  heat  and  work 
Utilizing  heat 

How  the  internal  combustion  engine  works 
PRINCIPLE 

42.  The  rate  of  vaporization  decreases  with  an  Increase 
of  concentration  of  the  vapor  in  the  gas  in  contact  with 
the  liquid,  the  temperature  remaining  constant. 

MAJOR  TOPICS 

Heat  and  the  state  of  matter 
Convection 

PRINCIPLE 

43.  Most  bodies  expand  on  heating  and  contract  on  cool- 
ing, the  amount  of  change  depending  upon  the  change  in 
temperature. 

MAJOR  TOPICS 


Expansibility  and  compressibility  of  gases 
Behavior  of  matter 
Molecular  attraction 
Nature  of  heat 

Change  of  temperature  of  matter 
Measuring  expansion  caused  by  heat 
Measurement  of  heat 
Heat  of  fusion 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


Heat  and  the  state  of  matter 

Convection 

Conduction 

PRINCIPLE 

44.  The  higher  the  temperature  of  the  a ir,  the  greater 
the  amount  of  moisture  required  to  saturate  it. 

MAJOR  TOPICS 


Wind,  water,  and  weather 
Heat  and  the  state  of  matter 
Convection 

PRINCIPLE 

45.  Movements  of  all  bodies  in  the  solar  system  are  due 
to  gravitational  attraction  and  inertia. 

MAJOR  TOPICS 

Wind,  water,  and  weather 
Force  of  gravity 
Newton1 s laws  of  motion 
Study  of  meteorology 
Nature  and  velocity  of  light 

PRINCIPLE 

46.  Energy  can  never  be  created  or  destroyed  (except  in 
Nuclear  Physics);  it  can  be  changed  from  one  form  to 
another  with  exact  equivalence. 

MAJOR  TOPICS 


Matter  and  energy 

Principle  of  conservation  of  energy 

Aid  of  machines  in  doing  work 

Mechanical  advantages  of  machines 

Compound  machines 

Efficiency  of  machines 

Heat  of  fusion 

heat  and  the  state  of  matter 

Relation  between  heat  and  work 

Utilizing  heat 

How  the  internal  combustion  engine  works 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

47.  Solids  are  liquefied  and  liquids  are  vaporized  by 
heat;  the  amount  of  heat  used  in  this  process,  for  a 
given  mass  and  a given  substance,  is  specific  and  equals 
that  given  off  in  the  reverse  process. 

MAJOR  TOPICS 

Matter  and  energy 
Molecular  attraction 
Heat  and  the  state  of  matter 
Conduction 

Relation  between  heat  and  work 
Utilizing  heat 

PRINCIPLE 

48.  A fluid  has  a tendency  to  move  from  a region  of 
higher  pressure  to  one  of  lower  pressure;  the  greater 
the  difference,  the  faster  the  movement. 

MAJOR  TOPICS 

Pressure  of  air 

Wind,  water,  and  weather 

Expansibility  and  compressibility  of  gases 

Behavior  of  matter 

Molecular  attraction 

The  nature  of  a solution 

Heat  and  the  state  of  matter 

Convection 

Conduction 

Radiation 

Study  of  meteorology 
Relation  between  heat  and  work 
Utilizing  heat 

How  the  Internal  combustion  engine  works 
PRINCIPLE 

49.  The  principal  cause  of  wind  and  weather  changes  is 
the  unequal  heating  of  different  portions  of  the  earth’s 
surface  by  the  sun;  thus  all  winds  are  convection  currents 
caused  by  unequal  heating  of  different  portions  of  the 
earth’s  atmosphere,  and  they  blow  from  places  of  high 
atmospheric  pressure. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 

Wind,  water,  and  weather 
Heat  and  the  state  of  matter 
Study  of  meteorology 

PRINCIPLE 

50.  The  total  mass  of  a quantity  of  matter  is  not  al- 
tered by  any  chemical  changes  occurring  among  the  ma- 
terials composing  it. 

MAJOR  TOPIC 


Matter  and  energy 
PRINCIPLE 

51.  When  two  bodies  of  different  temperature  are  in 
contact,  there  is  a continuous  transference  of  heat 
energy,  the  rate  of  which  is  directly  proportional  to 
the  difference  of  temperature. 

MAJOR  TOPICS 


Nature  of  heat 

Measurement  of  heat 

Heat  of  fusion 

Heat  and  the  state  of  matter 

Convection 

Conduction 

Radiation 

PRINCIPLE 

52.  The  atmospheric  pressure  decreases  as  the  altitude 
increases. 

MAJOR  TOPICS 

Pressure  of  air 

Wind,  water,  and  weather 

Heat  and  the  state  of  matter 

Study  of  meteorology 

The  airplane  and  its  control 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

53.  The  presence  of  a dissolved  substance  will  cause  the 
resulting  solution  to  boll  at  a higher  temperature  and 
to  freeze  at  a lower  temperature  than  pure  water. 

MAJOR  TOPICS 


The  nature  of  a solution 

Heat  of  fusion 

Heat  and  the  state  of  matter 

PRINCIPLE 

54.  Freezing  point  depression  and  boiling  point  elevation 
are  proportional  to  the  concentration  of  the  solution. 

55.  Every  pure  liquid  has  its  own  specific  boiling  and 
freezing  point. 

MAJOR  TOPICS' 


Heat  of  fusion 

Heat  and  the  state  of  matter 

PRINCIPLE 

56.  The  speed  of  diffusion  of  gases  varies  inversely 
with  the  square  root  of  their  densities. 

57.  When  a mixture  of  gases  is  confined,  each  exerts 
its  own  pressure  without  reference  to  the  pressure 
exerted  by  others. 

MAJOR  TOPIC 


Expansibility  and  compressibility  of  gases 
PRINCIPLE 

58.  Matter  may  be  transformed  into  energy  and  energy 
into  matter  the  sum  total,  mass  plus  energy,  remains 
constant. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Matter  and  energy 

Principle  of  conservation  of  energy 

Nature  of  beat 

Radio-activity 

PRINCIPLE 

59.  The  boiling  point  of  any  solution  becomes  lower  as 
the  pressure  is  decreased  and  higher  as  the  pressure  is 
increased* 

MAJOR  TOPICS 


The  nature  of  a solution 
Heat  and  the  state  of  matter 

PRINCIPLE 

60.  Heat  is  conducted  by  the  transfer  of  kinetic  energy 
from  molecule  to  molecule. 

MAJOR  TOPICS 


Matter  and  energy 
Behavior  of  matter 
Nature  of  heat 

Change  of  temperature  of  matter 

Measuring  expansion  caused  by  heat 

Heat  and  the  state  of  matter 

Convection 

Conduction 

Radiation 

PRINCIPLE 

61.  The  energy  which  a body  possesses  on  account  of  its 
position  or  form  is  called  potential  energy  and  is  meas- 
ured by  the  work  that  was  done  in  order  to  bring  it  into 
the  specified  condition. 

MAJOR  TOPIC 


Principle  of  conservation  of  energy 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

62.  The  pressure  in  a fluid  in  the  open  is  equal  to  the 
weight  of  the  fluid  above  a unit  area  including  the 
point  at  which  the  pressure  is  taken;  it  therefore  varies 
as  to  the  depth  and  average  density  of  the  fluid. 

MAJOR  TOPICS 


Liquid  pressure  and  total  force 
Pressure  on  a confined  liquid 

PRINCIPLE 

63.  If  the  volume  of  a confined  body  of  gas  is  kept 
constant,  tie  pressure  is  proportional  to  the  absolute 
temperature. 

64.  If  the  same  pressure  is  maintained,  the  volume  of 
a gas  is  varied  directly  as  the  absolute  temperature. 

MAJOR  TOPIC 

Measuring  expansion  caused  by  heat 
PRINCIPLE 

65.  A change  in  state  of  a substance  from  gas  to  liquid, 
liquid  to  solid,  or  vice  versa,  is  usually  accompanied 
by  a change  in  volume. 

MAJOR  TOPICS 

Measuring  expansion  caused  by  heat 
Heat  of  fusion 
Heat  and  the  state  of  matter 
Relation  between  heat  and  work 

PRINCIPLE 

66.  The  amount  of  hea.t  which  a constant  mass  of  a liquid 
or  solid  acquires  when  its  temperature  rises  a given 
amount  is  Identical  with  the  amount  it  gives  off  when 
its  temperature  falls  by  that  amount. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Measurement  of  heat 

Heat  of  fusion 

Heat  and  the  state  of  matter 

Conduction 

Study  of  meteorology 
Relation  between  heat  and  work 
Utilizing  heat 

PRINCIPLE 

67.  The  rate  of  evaporation  of  a liquid  varies  with 
temperature,  area  of  exposed  surface  and  saturation  and 
circulation  of  the  gas  in  contact  with  the  fluid. 

MAJOR  TOPICS 


Molecular  attraction 

Heat  and  the  state  of  matter 

PRINCIPLE 

68.  The  volume  of  an  ideal  gas  varies  inversely  with 
the  pressure  upon  it,  providing  the  temperature  remains 
constant. 

MAJOR  TOPICS 


Matter  and  energy 
Pressure  of  air 

Expansibility  and  compressibility  of  gases 

Compressed  air 

Behavior  of  matter 

Measuring  expansion  caused  by  heat 

Utilizing  heat 

How  the  internal-combustion  engine  works 
PRINCIPLE 

69.  The  average  speed  of  molecules  increases  with  the 
temperature  and  pressure. 

MAJOR  TOPICS 


V/ind,  water,  and  weather 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


Expansibility  and  compressibility  of  gases 
Compressed  air 
Behavior  of  matter 
Nature  of  heat 

Change  of  temperature  of  matter 

Measuring  expansion  caused  by  heat 

Measurement  of  heat 

Heat  of  fusion 

Heat  and  the  state  of  matter 

PRINCIPLE 

70.  The  free  surface  of  a liquid  contracts  to  the  smal- 
lest possible  area  due  to  surface  tension. 

MAJOR  TOPIC 

Molecular  attraction 

» 

PRINCIPLE 

71.  The  pressure  of  a saturated  vapor  is  constant  at  a 
given  temperature,  and  increases  with  an  increase  of 
temperature. 

MAJOR  TOPIC 


Heat  and  the  state  of  matter 
PRINCIPLE 

72.  The  total  change  in  length  of  a metal  bar  is  equal 
to  its  coefficient  of  linear  expansion  times  the  original 
length  times  the  change  of  temperature  in  degrees  C. 

MAJOR  TOPICS 


Measuring  expans  ion  caused  by  heat 
Conduction 

PRINCIPLE 

73.  When  a gas  expands,  heat  energy  is  converted  into 
mechanical  energy. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Relation  between  heat  and  work 
Utilizing  heat 

How  the  internal-combustion  engine  works 
PRINCIPLE 

74.  Musical  tones  are  produced  when  a vibrating  body 
sends  out  regular  vibrations  to  the  ear  while  only  noi- 
ses are  produced  when  the  vibrating  body  sends  out  ir- 
regular vibrations  to  the  ear, 

75.  Sound  is  produced  by  vibrating  matter  and  is  trans- 
mitted by  matter. 

MAJOR  TOPICS 


Sound  and  wave  motion 
Reflection  of  sound 
Loudness  and  pitch 
Resonance  and  interference 
Music  and  quality 
Quality  of  sounds 
Musical  instruments 

PRINCIPLE 

76.  Energy  is  often  transmitted  in  the  form  of  waves. 
MAJOR  TOPICS 


Sound  and  wave  motion 
Loudness  and  pitch 
Musical  instruments 
Nature  and  velocity  of  light 
Photography 

Heating  and  lighting  effects  of  electricity 
Radio 

PRINC IPLE 

77.  The  higher  the  pitch  of  a note,  the  more  rapid  the 
vibrations  of  the  producing  body. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Sound  and  wave  motion 
Loudness  and  pitch 
Music  and  quality 
Musical  instruments 

PRINCIPLE 

78.  Sound  waves  or  other  energy  impulses  may  set  up 
vibrations  in  a body  the  amplitude  of  which  is  increased 
if  the  impulses  are  exactly  timed  to  correspond  to  any 
one  of  the  natural  periods  of  vibration  of  the  body. 

MAJOR  TOPICS 


Resonance  and  interference 
Quality  of  sounds 
Musical  instruments 

PRINCIPLE 

79.  When  energy  is  transmitted  in  waves,  the  medium  which 
transmits  the  wave  motion  does  not  move  along  with  the 
wave,  but  the  energy  does. 

MAJOR  TOPICS 


Sound  and  wave  raoti on 
Loudness  and  pitch 
Musical  instruments 
Nature  and  velocity  of  light 
Radio 

PRINCIPLE 

80.  7/hen  a sounding  body  is  moving  toward  or  away  from 
an  observer,  the  apparent  pitch  will  be  higher  o±-  lower, 
respectively,  than  the  true  pitch  of  the  sound  emitted. 

MAJOR  TOPICS 


Sound  and  wave  motion 
Loudness  and  pitch 
Music  and  quality 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

81.  The  loudness  of  a sound  depends  upon  the  energy  of 
the  sound  waves  and,  if  propagated  in  all  directions, 
decreases  inversely  as  the  square  of  the  distance  from 
the  source. 

MAJOR  TOPICS 


Sound  and  wave  motion 
Reflection  of  sound 
Loudness  and  pitch 
Resonance  and  interference 

PRINCIPLE 

82.  Harmonious  musical  Intervals  correspond  to  very  simple 
frequency  ratios. 

MAJOR  TOPICS 


Music  and  quality 
Quality  of  sounds 
Musical  Instruments 

PRINCIPLE 

83.  The  speed  of  sound  increases  with  an  increase  in 
temperature  of  the  medium  conducting  it. 

84.  The  velocity  of  sound  is  directly  proportional  to 
the  square  root  of  the  elasticity  modulus  and  inversely 
proportional  to  the  square  root  of  the  density  of  the 
transmitting  medium. 

MAJOR  TOPIC 


Sound  and  wave  motion 
PRINCIPLE 

85.  Sound  waves  are  reflected  In  a direction  such  that 
the  angle  of  Incidence  is  equal  to  the  angle  of  reflection. 

MAJOR  TOPIC 


Reflection  of  sound 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

86,  The  quality  of  a musical  tone  is  determined  by  the 
pitch  and  Intensity  of  the  different  simple  tones  or  har- 
monics into  which  it  may  be  resolved. 

MAJOR  TOPICS 


Loudness  and  pitch 
Music  and  quality 
Quality  of  sounds 

PRINCIPLE 

87.  Two  sound  waves  of  the  same  or  nearly  the  same  fre- 
quency will  destructively  interfere  with  each  other  when 
the  condensations  of  the  one  coincide  with  the  rarefac- 
tions of  the  other  provided  that  the  directions  of  pro- 
pagations are  the  same . 

MAJOR  TOPICS 


Sound  and  wave  motion 
Resonance  and  interference 
Music  and  quality 

PRINCIPLE 

88.  The  frequency  of  the  vibration  of  a stretched  string 
is  inversely  proportional  to  its  length,  diameter,  and 
square  root  of  its  density,  and  directly  proportional  to 
the  square  root  of  the  stretching  force. 

MAJOR  TOPICS 


Sound  and  wave  motion 
Loudness  and  pitch 
Musical  Instruments 

PRINCIPLE 

89.  Smooth  surfaced  tubes  may  be  employed  to  confine  the 
direction  of  sound  waves  and  thus  orevent  the  rapid  de- 
crease of  intensity  with  distance  from  source,  which  would 
otherwise  take  place. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Sound  and  wave  motion 
Loudness  and  pitch 

PRINCIPLE 

90.  The  velocity  of  a wave  Is  equal  to  the  product  of  Its 
frequency  and  wave  length. 

MAJOR  TOPICS 


Sound  and  wave  motion 
Nature  and  velocity  of  light 
Radio 

Radio-activity 

PRINCIPLE 

91.  The  colors  of  objects  depend  upon  what  light  rays 
they  transmit,  absorb  or  reflect. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Photometry 

Reflection  of  light  waves 
Optical  instruments 
Color  of  light 

Principle  of  the  spectroscope 
Polarized  light 
The  camera 
Photography 

PRINCIPLE 


92.  The  darker  the  color  of  a surface,  the  better  it 
absorbs  light. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Color  of  light 
The  camera 
Photography 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

93.  When  light  rays  are  absorbed,  some  of  the  light 
energy  is  transformed  into  heat  energy. 

MAJOR  TOPICS 


Principle  of  conservation  of  energy 
Radiation 

Nature  and  velocity  of  light 

Photometry 

Color  of  light 

Principle  of  the  spectroscope 
Polarized  light 

PRINCIPLE 

94.  Whenever  an  opaque  object  intercepts  radiant  energy 
travelling  in  a particular  direction,  a shadow  is  cast 
behind  the  object. 

MAJOR  TOPICS 

Nature  and  velocity  of  light 

Photometry 

Optical  instruments 

Color  of  light 

The  camera 

Photography 

PRINCIPLE 

95.  Light  travels  in  straight  lines  in  a medium  of  uniform 
optical  density. 

96.  Parallel  light  rays  may  be  converged  or  focused  by 
convex  lenses  or  concave  mirrors,  diverged  by  concave  len- 
ses or  convex  mirrors. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Reflection  of  light  waves 
What  is  a mirror? 

Images  of  curved  mirrors 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


Refraction  of  light  waves 
Lenses  and  images 
Images  of  curved  lenses 
Structure  of  the  human  eye 
Optical  instruments 
Color  of  light 

Principle  of  the  spectroscope 
Polarized  light 
The  camera 
Photography 

PRINCIPLE 


97.  Dark,  rough  or  unpolished  surfaces  absorb  or  radiate 
energy  more  effectively  than  light,  smooth  or  polished 
surfaces* 


MAJOR  TOPICS 


Pressure  of  air 
Nature  of  heat 

Nature  and  velocity  of  light 
Reflection  of  light  waves 

PRINCIPLE 

98.  When  light  is  reflected,  the  angle  of  incidence  is 
equal  to  the  angle  of  reflection. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Reflection  of  light  waves 
Lenses  and  images 
Optical  Instruments 

PRINCIPLE 

99.  When  waves  strike  an  object,  they  may  either  be  ab- 
sorbed, transmitted,  or  reflected. 

MAJOR  TOPICS 


Nature  of  heat 
Radiation 
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TABLE  II  (CONTINUED) 


Principles  and.  Major  Topics 


Absorbers,  radiators,  ard  reflectors  of  heat 

Sound  and  wave  motion 

Reflection  of  sound 

Music  and  quality 

Nature  and  velocity  of  light 

Reflection  of  light  waves 

What  Is  a mirror? 

Images  of  curved  mirrors 
Refraction  of  light  waves 
Lenses  and  images 
Images  of  curved  lenses 
Structure  of  the  human  eye 
Optical  instruments 
Color  of  light 

Principle  of  the  spectroscope 
Polarized  light 
The  camera 
Photography 


PRINCIPLE 

100.  If  a beam  of  light  falls  upon  an  irregular  surface, 
the  rays  of  light  are  scattered  in  all  directions. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Reflection  of  light  waves 
Photography 

PRINCIPLE 

101.  The  dispersion  of  white  light  into  a spectrum  by 
a prism  is  caused  by  unequal  refraction  of  the  different 
wave  lengths  of  light. 

MAJOR  TOPICS 


Optical  instruments 
Color  of  light 

PRINCIPLE 

102.  The  intensity  of  illumination  decreases  as  the  square 
of  the  distance  from  a point  source. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPIC 


Photometry 

PRINCIPLE 

103.  When  light  rays  pass  obliquely  from  a rare  to  a 
more  dense  medium,  they  are  bent  or  refracted  toward 
the  normal  and  when  they  pass  obliquely  from  a dense  to 
a rarer  medium,  they  are  bent  away  from  the  normal. 

MAJOR  TOPICS 


Refraction  of  light  waves 
Lenses  and  images 
Images  of  curved  lenses 
Structure  of  the  human  eye 
Optical  Instruments 
Principle  of  the  spectroscope 
The  camera 

PRINCIPLE 

104.  In  a plane  mirror  a line  running  from  any  point  on 
the  object  to  the  image  of  that  point  is  perpendicular 
to  the  mirror. 

105.  An  image  appears  to  be  as  far  back  of  a plane  mirror 
as  the  object  is  in  front  of  the  mirror  and  is  reversed. 

MAJOR  TOPIC 


What  is  a mirror? 

PRINCIPLE 

106.  Waves  travel  in  straight  lines  while  passing  through 
a homogeneous  or  uniform  medium. 

MAJOR  TOPICS 


Nature  and  velocity  of  light 
Refraction  of  light  waves 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

107.  All  rays  passing  through  the  center  of  curvature  of 
a mirror  are  reflected  upon  themselves. 

MAJOR  TOPICS 


Lenses  and  images 
Images  of  curved  lenses 
Optical  ins truments 

PRINCIPLE 

108.  When  white  light  passes  through  a substance  that 
absorbs  some  waves  and  not  others,  certain  bands  of 
color  are  missing  with  the  production  of  an  absorption 
spectrum. 

109.  Every  chemical  element  when  heated  to  incandescence 
in  a gaseous  state  has  a characteristic  glow  and  a char- 
acteristic spectrum  which  can  be  used  to  identify  very 
small  quantities  of  the  element  and  which  is  related  to 
the  molecular  and  atomic  structure  of  the  gas. 

110.  Incandescent  solids  and  liquids  emit  all  wave  lengths 
of  light  and  give  a continuous  spectrum. 

111.  Luminous  vapors  and.  gases  emit  only  certain  kinds 
of  light  producing  bright-line  spectra. 

112.  When  a body  which  emits  a bright  line  spectrum  is 
moving  toward  or  away  from  the  observer,  the  lines  are 
shifted  toward  the  short  or  long  wave  length  end  of  the 
spectrum,  respectively. 

MAJOR  TOPIC 

Color  of  light 

PRINCIPLE 

113.  When  light  is  incident  upon  a medium  in  which  it 
will  travel  faster  and  when  the  angle  of  incidence  is 
greater  than  the  critical  angle,  it  is  totally  reflected. 


♦ 

. 

' 

. 

. 

. 


, 


• . 


; .• 


, 

. 


. 


. 

- 


• • 


. 


128 


TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


114.  The  speed  of  light  in  any  given  substance  bears  a 
constant  ratio  to  the  speed  of  light  in  air. 

MAJOR  TOPIC 

Refraction  of  light  waves 
PRINCIPLE 

115.  The  dimensions  of  an  image  produced  by  a lens  or  a 
mirror  are  to  the  dimensions  of  the  object  as  their  re- 
spective distances  from  the  lens  or  mirror  are  to  each 
other. 

MAJOR  TOPICS 


Images  of  curved  mirrors 
Images  of  curved  lenses 
Structure  of  the  human  eye 
Optical  instruments 
The  camera 

PRINCIPLE 

116.  A beam  of  light  may  become  plane  polarized  as  a 
result  of  any  circumstance  which  results  in  the  suppres- 
sion of  one  of  the  rectilinear  components  of  the  vibration 
without  affecting  the  components  at  right  angles  to  it. 

MAJOR  TOPIC 


Polarized  light 
PRINCIPLE 

117.  When  parallel  light  strikes  a concave  spherical  mir- 
ror, the  rays,  after  reflection,  pass  directly  through 
the  principal  focus  only  if  the  area  of  the  mirror  is 
small  compared  to  its  radius  of  curvature. 

MAJOR  TOPICS 

What  is  a mirror? 

Images  of  curved  mirrors 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

118.  The  sura  of  the  reciprocals  of  the  conjugate  focal 
lengths  of  a lens  or  mirror  equals  the  reciprocal  of  the 
principal  focal  length. 

MAJOR  TOPICS 


Images  of  curved  mirrors 
Lenses  and  Images 

PRINCIPLE 

119.  The  curvature  of  a wave  front  will  be  changed  a 
given  amount  by  a lens;  namely,  l/F. 

MAJOR  TOPIC 


Lenses  and  Images 
PRINCIPLE 

120.  Radiant  energy  travels  in  waves  along  straight  lines, 
its  intensity  at  any  distance  from  a point  source  is  in- 
versely proportional  to  the  square  of  the  distance  from 
the  source. 

MAJOR  TOPICS 


Radiation 

Nature  and  velocity  of  li$it 

Photometry 

Optical  Instruments 

The  camera 

Photography 

Heating  and  lighting  effects  of  electricity 
PRINCIPLE 

121.  Each  element  has  Its  own  characteristic  X-ray  spec- 
trum. 

MAJOR  TOPICS 


Color  of  light 
X-rays 
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TABLE  II  (CONTINUED) 


Principles  and.  Major  Topics 


PRINCIPLE 

122.  Each  vibrating  particle  in  the  wave  front  of  any 
wave  motion  may  be  considered  as  a secondary  source  of 
spherical  wavelets  which  spread  out  from  their  sources 
with  the  velocity  of  the  primary  wave. 

MAJOR  TOPICS 


Nature  of  heat 

Musical  instruments 

Nature  and  velocity  of  light 

Color  of  light 

Radio 

PRINCIPLE 

123.  Like  electrical  charges  repel  and  unlike  electrical 
charges  attract. 

MAJOR  TOPICS 


Nature  of  magnetism 
Static  electricity:  what  it  is 
Current  electricity  - Voltaic  cells 
Chemical  effects  of  electricity 

PRINCIPLE 

124.  Magnets  depend  for  their  properties  upon  the  ar- 
rangements of  the  metallic  ions  of  which  they  are  made  up. 

MAJOR  TOPICS 


Nature  of  magnetism 
Terrestial  magnetism 
Magnetic  effects  of  electricity 

PRINCIPLE 

125.  A magnet  always  has  two  poles  and  is  surrounded  by 
a field  of  force. 

MAJOR  TOPICS 


Nature  of  magnetism 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


Terrestial  magnetism 

Static  electricity:  what  it  is 

Magnetic  effects  of  electricity 

Electrical  measuring  instruments 

Dynamos  and  alternators 

Armatures  and  magnetic  fields 

The  electric  motor 

The  telephone 

Alternating  current  power 

Current  rectifiers 

Radio 

PRINCIPLE 

126.  Like  magnetic  poles  always  repel  each  other  and  un- 
like magnetic  poles  always  attract  each  other. 

MAJOR  TOPICS 


Nature  of  magnetism 

Terrestial  magnetism 

Static  electricity:  what  it  is 

Magnetic  effects  of  electricity 

How  a current  is  produced  by  Induction 

Dynamos  and  alternators 

Armatures  and  magnetic  fields 

The  electric  motor 

Voltage  transformer  and  power  transmission 
The  telephone 
Current  rectifiers 

PRINCIPLE 

127.  All  materials  offer  some  resistance  to  the  flow  of 
electric  current,  and  that  part  of  the  electrical  energy 
used  in  overcoming  this  resistance  is  transformed  into 
heat  energy. 

MAJOR  TOPICS 


Current  electricity  - Voltaic  cells 
Chemical  effects  of  electricity 
Heating  and  lighting  effects  of  electricity 
Electric  power  and  energy 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

128*  The  electrical  current  flowing  in  a conductor  is 
directly  proportional  to  the  potential  difference  and  in- 
versely proportional  to  the  resistance. 

MAJOR  TOPIC 


Current  electricity  - Voltaic  cells 
PRINCIPLE 

129.  In  a series  circuit  the  current  is  the  same  in  all 
oarts,  the  resistance  of  the  whole  is  the  sum  of  the  re- 
sistances of  the  parts,  and  the  voltage  loss  of  the  whole 
is  the  sum  of  the  voltage  losses  of  the  parts. 

130.  In  a parallel  circuit  the  total  current  is  the  sum 

of  the  separate  currents,  the  voltage  loss  is  the  same  for 
each  branch,  and  the  total  resistance  is  less  than  the  re- 
sistance of  any  one  branch. 

MAJOR  TOPIC 


Series  and  parallel  wiring 
PRINCIPLE 

131.  An  emf  is  Induced  in  a circuit  whenever  there  is  a 
change  in  the  number  of  the  lines  of  magnetic  force  pas 
sing  through  the  circuit. 

MAJOR  TOPICS 


How  a current  is  produced  by  induction 

Dynamos  and  alternators 

Armatures  and  magnetic  fields 

The  electric  motor 

Electro-magnetic  induction 

Voltage  transformer  and  power  transmission 

The  telephone 

Alternating  current  power 

Current  rectifiers 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

152,  An  electric  current  may  be  produced  three  ways,  by 
rubbing  or  friction,  chemical  action,  and  the  use  of  a 
magnetic  field. 

MAJOR  TOPICS 


Static  electricity:  what  it  is 

Current  electricity  - Voltaic  cells 

Chemical  effects  of  electricity 

Heating  and  lighting  effects  of  electricity 

How  a current  is  produced  by  induction 

Dynamos  and  alternators 

Armatures  and  magnetic  fields 

The  electric  motor 

Electro-magnetic  induction 

Voltage  transformer  and  power  transmission 

The  telephone 

Alternating  current  power 

Current  rectifiers 

PRINCIPLE 

155.  Energy  in  kilowatt  hours  is  equal  to  the  product  of 
amperes,  volts,  and  time  (in  hours)  divided  by  one  thou- 
sand. 

154.  Electrical  power  is  directly  proportional  to  the 
product  of  the  potential  difference  and  the  current. 

MAJOR  TOPIC 


Electric  power  and  energy 
PRINCIPLE 

155.  The  magnitude  of  an  Induced  e.m.f.  is  proportional 
to  the  rate  at  which  the  number  of  lines  of  magnetic  force 
change  and  to  the  number  of  turns  of  wire  in  the  coil. 


156.  An  induced  current  always  has  such  a direction  that 
its  magnetic  field  tends  to  oppose  the  motion  by  which  the 
current  was  produced. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJ OR  TOPICS 


How  a current  is  produced  by  induction 

Dynamos  and  alterrators 

Armatures  and  magnetic  fields 

The  electric  motor 

Electro-magnetic  induction 

Voltage  transformer  and  power  transmission 

The  telephone 

Current  rectifiers 

PRINCIPLE 

137.  In  an  uncharged  body  there  are  as  many  protons  as 
electrons  and  the  charges  neutralize  each  other  while  a 
deficiency  of  electrons  produces  a plus  charge  on  a body 
and  an  excess  of  electrons  produces  a negative  charge. 

MAJOR  TOPICS 


Nature  of  magnetism 

Static  electricity:  what  it  is 

PRINCIPLE 

138.  Electrons  are  emitted  from  any  sufficiently  hot  body. 
MAJOR  TOPICS 


Static  electricity:  what  it  is 

Magnetic  effects  of  electricity 

Heating  and  lighting  effects  of  electricity 

The  electric  motor 

The  telephone 

Radio 

Construction  of  a standard  receiving  set 
How  television  has  been  made  possible 

PRINCIPLE 

139.  When  a current-carrying  wire  is  placed  in  a magnetic 
field,  there  is  a force  acting  on  the  wire  tending  to  push 
it  at  right  angles  to  the  direction  of  the  lines  of  force 
between  the  magnetic  poles,  providing  the  wire  is  not  par- 
allel to  the  field. 


v • . 1 


t 


: 


: 


. 

- 

. 

• 

135 


TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 

How  a current  is  produced  by  induction 
Dynamos  and  alternators 
The  electric  motor 

PRINCIPLE 

140.  In  a transformer  the  ratio  between  voltages  is  the 
same  as  that  between  the  number  of  turns. 

MAJOR  TOPIC 


Voltage  transformer  and  power  transmission 
PRINCIPLE 

141.  The  resistance  of  a metallic  conductor  depends  on 
the  kind  of  material  from  which  the  conductor  is  made, 
varies  directly  with  the  length,  inversely  with  the  cross 
sectional  area,  and  increases  as  the  temperature  Increases. 

MAJOR  TOPICS 

Current  electricity  - Voltaic  cells 
Magnetic  effects  of  electricity 
Chemical  effects  of  electricity 
Heating  and  lighting  effects  of  electricity 

PRINCIPLE 

142.  An  electric  current  will  be  produced  in  a closed 
circuit  including  two  strips  of  different  metals  if  one 
of  the  junctions  is  heated  or  cooled. 

MAJOR  TOPICS 


Current  electricity  - Voltaic  cells 

Chemical  effects  of  electricity 

Heating  and  limiting  effects  of  electricity 

PRINCIPLE 


143.  Charges  on  a conductor  tend  to  stay  on  the  surface 
and  to  be  greatest  on  the  sharp  edges  and  points. 
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TAELE  II  (CONTINUED) 


Principles  and  Major  Topics 


144.  Alternating  current  charges  a condenser  twice  during 
each  cycle  inducing  oppositecharges  on  the  two  plates  with 
the  result  that  a current  appears  to  flow  through  the  con- 
denser. 

145.  Electrostatic  induction  is  the  separation  of  charges 
on  a conductor  through  the  influence  of  a neighboring 
charge . 

146.  The  force  of  attraction  or  repulsion  between  two 
magnetic  poles  varies  directly  as  the  product  of  the  pole 
strengths  and  inversely  as  the  square  of  the  distance 
between  the  poles. 

147.  The  force  of  attraction  or  repulsion  between  two 
small  charged  bodies  varies  directly  as  the  product  of 

the  two  charges  and  Inversely  as  the  square  of  the  distance 
between  the  charges. 

148.  Condenser  capacity  varies  directly  with  the  area  of 
the  plates,  and  Inversely  as  the  thickness  of  the  insu- 
lation between  them. 

149.  The  electrons  within  an  atom  form  shells  about  the 
nucleus,  each  of  which  contains  a definite  number  of 
electrons. 

MAJOR  TOPIC 


Static  electricity:  what  it  is 
PRINCIPLE 

150.  An  electric  current  will  be  produced  in  a closed 
circuit  including  two  strips  of  different  metals  if  one 
of  the  junctions  is  heated  or  cooled. 

MAJOR  TOPICS 


Current  electricity  -Voltaic  cells 

Chemical  effects  of  electricity 

Heating  and  lighting  effects  of  electricity 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


PRINCIPLE 

151*  The  amount  of  heat  produced  by  an  electric  current 
is  proportional  to  the  resistance,  the  square  of  the  cur- 
rent and  the  time  of  flow, 

MAJOR  TOPIC 


Heating  and  lighting  effects  of  electricity 
PRINCIPLE 

152.  Electrons  will  always  flow  from  one  ooint  to  another 
along  a conductor  if  this  transfer  releases  energy. 

MAJOR  TOPICS 


Static  electricity:  what  it  is 
Current  electricity  - Voltaic  cells 
Chemical  effects  of  electricity 
Heating  and  lighting  effects  of  electricity 

PRINCIPLE 

153.  Pieces  of  iron,  steel,  cobalt  or  nickel  may  become 
magnetized  by  Induction  when  olaced  within  a magnetic 
field. 

MAJOR  TOPICS 


Nature  of  magnetism 

Terrestlal  magnetism 

Magnetic  effects  of  electricity 

How  a current  is  produced  by  induction 

Dynamos  and  alternators 

Armatures  and  magnetic  fields 

The  electric  motor 

Electro-magnetic  Induction 

Voltage  transformer  and  power  transmission 

The  telephone 

PRINCIPLE 

154.  Electrons  change  energy  levels  emitting  or  absorbing 
energy. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPIC 


Static  electricity:  what  it  is 
PRINCIPLE 

155.  Positively  charged  ions  of  metals  may  be  deposited 
on  the  cathode,  as  atoms,  when  a direct  current  is  sent 
through  an  electrolyte. 

MAJOR  TOPICS 


Current  electricity  - Voltaic  cells 
Chemical  effects  of  electricity 

PRINCIPLE 

156.  An  electric  current  will  flow  in  the  external  cir- 
cuit when  two  metals  of  unlike  chemical  activity  are 
acted  upon  by  a conducting  solution,  the  more  active 
metal  being  charged  negatively. 

MAJOR  TOPICS 


Static  electricity:  what  it  is 
Current  electricity  - Voltaic  cells 
Chemical  effects  of  electricity 

PRINCIPLE 

157.  Gases  conduct  electric  currents  only  when  ionized. 
MAJOR  TOPICS 


Optical  instruments 

Static  electricity:  what  it  is 

Chemical  effects  of  electricity 

Heating  and  lighting  effects  of  electricity 

Radio 

Construction  of  a standard  receiving  set 
How  television  has  been  made  possible 

PRINCIPLE 

158.  Electrons  have  both  a magnetic  and  an  electric  field. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Static  electricity:  what  it  is 
Cathode  rays 

PRINCIPLE 

159.  Two  electro-magnetic  waves  having  the  same  frequency 
and  amplitude  and  travelling  in  nearly  the  same  direction 
will  interfere,  constructively  or  destructively,  depen- 
ding upon  whether  they  are  in  phase  or  out  of  phase. 

MAJOR  TOPIC 


Color  of  light 
PRINCIPLE 

160.  Electrolytes  dissolved  in  water  exist  partially  or 
completely  as  electrically  charged  particles  called  ions. 

MAJOR  TOPICS 


Current  electricity:  what  it  is 
Chemical  effects  of  electricity 

PRINCIPLE 

161.  Electro-magnetic  waves  may  produce  electrical  os- 
cillation in  a condenser  circuit  which  is  so  adjusted  as 
to  oscillate  naturally  with  the  same  frequency  as  that  of 
the  incoming  waves. 

MAJOR  TOPICS 


Radio 

Construction  of  a standard  receiving  set 
Radio  in  aviation 

PRINCIPLE 

162.  Whenever  a high  frequency  oscillating  current  pro- 
duces in  the  field  around  it  oscillating  electric  and 
magnetic  fields,  energy  in  the  form  of  an  electro-magne- 
tic wave  is  transmitted  through  space. 
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TABLE  II  (CONTINUED) 


Principles  and  Major  Topics 


MAJOR  TOPICS 


Magnetic  effects  of  electricity 

The  telephone 

Radio 

Construction  of  a standard  receiving  set 
Row  television  has  been  made  possible 
Radio  in  aviation 

PRINCIPLE 

163.  Radioactive  emission  involves  muclear  changes. 

164.  Radio-activity  is  independent  of  all  physical  con- 
ditions;; heat,  cold,  pressure,  and  chemical  state. 

165.  Atoms  may  be  broken  down  by  bombarding  the  nucleus 
with  highspeed  particles  such  as  protons,  alpha  particles, 
or  neutrons. 

MAJOR  TOPIC 


Radio-activity 

PRINCIPLE 

166.  By  means  of  high  frequency  generators  or  vacuum- 
tube  oscillators,  sustained  or  continuous  oscillations 
can  be  produced  in  a condenser  circuit.  Their  intensity 
is  made  to  vary  with  audio-frequency  currents  in  a trans- 
mitter circuit  to  produce  radio  waves. 

MAJOR  TOPICS 

Radio 

Construction  of  a standard  receiving  set 
PRINCIPLE 

167.  A number  of  substances  will  emit  electrons  and  become 
positively  charged  when  illuminated  by  light. 

MAJOR  TOPIC 


How  television  has  been  made  possible 
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TABLE  II  (CONCLUDED) 


Principles  and  Major  Topics 


PRINCIPLE 

168.  When  a stream  of  high-speed  electrons  strikes  a 
body,  the  atoms  of  that  body  emit  X-rays. 

MAJOR  TOPIC 

X-rays 

PRINCIPLE 

169.  In  a tube  which  contains  gas  at  low  pressure  sub- 
ject to  an  intensely  electric  field,  cathode  rays,  streams 
of  electrons,  move  away  from  the  negatively  charged  ter- 
minal at  high  speed. 

MAJOR  TOPICS 

Cathode  rays 
X- rays 

PRINCIPLE 

170.  Atoms  of  all  elements  are  made  up  of  protons,  neu- 
trons, and  electrons;  and  differences  between  atoms  of 
different  elements  are  due  to  the  number  of  protons  in 
the  nucleus  and  to  the  configuration  of  electrons  sur- 
rounding the  nucleus. 

MAJOR  TOPICS 


Static  electricity:  what  it  is 
Radio-activi ty 

PRINCIPLE 

171.  Atoms  have  great  sub-atomic  energy. 
MAJOR  TOPICS 


Nature  of  heat 
Radio-activity 
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Findings.  Five  hundred  eighty  assignments  of  90 
major  subject-matter  topics  were  defensibly  made  to 
171  principles  of  physical  science,  and  were  reasonably 
expected  to  be  suitable  for  use  to  develop  an  under- 
standing of  the  principles.  Each  of  the  171  principles 
was  assigned  to  least  one  topic.  Fifty-three  principles 
had  one  topic  assigned  to  each  of  them;  24  had  2 topics 
assigned  to  each;  23  had  3 topics  assigned  to  each;  and 
the  remaining  61  principles  had  from  4 to  20  topics  as- 
signed to  them.  The  average  number  of  topics  per  prin- 
ciple was  3.39. 
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CHAPTER  IV 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 
STATEMENT  OF  THE  PROBLEM 

The  purpose  of  this  investigation  is  (1)  to  pre- 
pare a composite  topical  outline  of  the  subject-matter 
topics  found  in  five  high-school  textbooks  of  physics, 
as  a source  of  informational  materials  with  which  to 
develop  understandings  of  principles  of  physical  sci- 
ence, and  (2)  to  assign  to  principles  of  physical  sci- 
ence those  topics  which  a study  of  might  reasonably  be 
expected  to  contribute  to  the  development  of  an  under- 
standing of  the  principles. 

/ 

SUMMARY  OF  THE  TECHNIQUES  EMPLOYED 

A composite  topical  outline  was  formulated  from 
five  high-school  textbooks  of  physics.  The  one  textbook 
which  had  the  largest  number  of  subject-matter  topics 
served  as  a basis  for  the  composite  outline.  The  sub- 
ject-matter topics  contained  in  a textbook  were  consid- 
ered to  be  its  chapter,  center,  and  paragraph  headings. 
All  the  topics  from  the  other  four  textbooks  were  com- 
bined or  added  to  the  "master"  outline.  The  final  out- 
line was  re-examined  to  insure  that  the  placement  of 
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each  topic  in  the  outline  was  defensible.  Table  I is  the 
composite  topical  outline.  Then  the  94  major  topics 
from  this  composite  topical  outline  were  assigned  to 
171  of  Wise's  272  principles  of  physical  science.  These 
assignments  were  made  on  the  basis  that  a discussion  of 
the  subject  matter,  represented  by  the  topics  subordinate 
to  the  major  topics  in  the  outline,  would  reasonably  be 
expected  to  contribute  to  the  development  of  an  under- 
standing of  the  principles  to  which  they  were  assigned. 
Table  II  shows  the  assignments  of  topics  to  principles. 

SUMMARY  OF  THE  FINDINGS 

The  five  textbooks  contained  a total  of  1947  sep- 
arate subject-matter  topics.  Only  94  of  these  were 
major  topics.  Seventy-eight  of  the  94  major  topics 
were  found  in  all  five  books.  The  total  frequency  of 
occurrence  of  topics  in  all  five  books  was  5986,  an 
average  of  1197.2  topics  per  book. 

Five  hundred  eighty  assignments  of  90  major  sub- 
ject-matter topics  were  defenslbly  made  to  171  princi- 
ples of  physical  science.  Each  of  the  171  principles 
was  assigned  at  least  one  topic.  The  most  number  of 
topics  assigned  to  one  principle  was  20.  The  average 
number  of  topics  per  principle  was  3.39. 
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CONCLUSIONS 

Any  of  the  five  textbooks  had  sufficient  material 
to  help  in  developing  most  of  the  principles.  However, 
some  of  the  material  in  any  one  book  did  not  contribute 
to  the  development  of  an  understanding  of  a principle. 
There  was  apparent  uniformity  in  relation  to  the  major 
subject-matter  topics  to  be  studied  at  the  secondary 
high-school  level.  Textbooks  can  be  used  to  help  de- 
velop understandings  of  principles  of  physical  science, 
provided  that  the  content  is  properly  treated. 

RECOMMENDATIONS 

There  should  be  developed  a suitable  topical  out- 
line to  be  used  in  the  teaching  of  physics  in  the  high- 
school.  The  topics  of  this  outline  should  be  based  on 
their  ability  to  help  develop  understandings  of  princi- 
ples of  physical  science. 

More  studies  of  this  type  should  be  undertaken. 

The  results  from  many  similar  studies  can  then  be  com- 
bined into  a "master"  outline  of  subject-matter  topics 
for  use  in  the  high-school  teaching  of  physics.  It  is 
also  recommended  that  assignments  of  topics  to  princi- 
ples be  combined  in  like  manner;  and  that  the  assign- 
ment of  topics  to  principles  be  ranked  in  a descending 
order  of  their  relative  values  in  contributing  to  the 
development  of  an  understanding  of  the  principle. 
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